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ABSTRACT

This thesis was purposed to present the sampling method to calculate root mean square
(RMS) of periodic signals in application parts of alternating current signals or other wave signals
which require to calculate RMS by generating periodic signals from various periodic functions
synthesized by Fourier series, then the functions will be calculated to obtain RMS. Later, the
experimental results will introduce the same properties of such periodic functions in error
calculation, finally the same error properties will support to calculate RMS to conclude a formula
more conveniently and use lower sampling size than popular Calculus integration techniques of

midpoint rule, trapezoid rule and Simpson’s rule.
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M3199 2.2 uaaan1 RMS ozl lddnamaiszezanuilaoant clearance AM11A5§11

IEC60950 [5]

E0850-1 @ IEC:2001

Table 2H — Minimum clearances for insulation in primary circuits
and between primary and secondary circuits

cLEARANCES in millimetres

MAINE TRANSIENT
MAINE TRANSIENT VOLTAGE MAINZ TRANSIENT VOLTAGE VOLTAGE
WORKING VOLTAGE 1300V 2500V 4 000V
up to and
including [Nominal ac maing surFLY voltage (Mominal ac mams sureLY voltage | (Mominal ac mams
=130 V) >130 W 5300 V) surFLY voltage
=300 W £ 8600 V)
Voltage ’ - .
yorsge | s | | ponugon | PSRN | ponon | foltir
d.c. (sinu_ 1and 2 Ovares 7 1and 2 Degree 3 1.2 and 3
soidal)
W F | BIS R F | BiS R F BS R F BIS R F | BiS R
Ti 50 04, 1.0 |c20 |08 13 | 26 | 1.0 [ 2.0 40 | 1,3 20 4.0 201 3.2 6.4
(0.5) | (1,00 (0.8} | {1.8] {1.5)-.13.0) (1,57 (3.0} (3,00 | (6.0)
290 150 05 | 40 | 2008/ 1.3, |26| V4| 2.0 40 | 1,6 2.0 40 |20 32 6.4
(0,5) | (1.0} (O,B) | (1.8) (1,5) |.(2:.0) (1.5 (3,00 (3,00 | (6.0)
420 300 F 1.5 BfS 2,0.41.53) R-4.043.0) 251 3.2 6.4
(3,00 [ (6.0)
240 G0 F3.0.B/S32 (3.0} R6.4(8.0)
1400 1000 FIBIS 42R 84
2 a0 Z 0oo FIB/SIR 8.4
T 00D 5000 FIBfSIR1T 5
B aDm 7 000 F/BIS/R 25
14 000 10.000 F/BISIR. 37
28 000 20 000 F/B/S/R_ED
42000 30 000 FIBISIR 120
1) The wvalues in the table ara applicable to FuNcTIONAL NEULATION (F), BAsic mEuULATION [B). SUPFLEMENTARY
iMauLATION (5] and REINFORCED INsULATICN (R
2} The walues in parentheses are applicable to BASIC INBULATION, SUFFLEMENTARY INSULATIOM OF REINFORCED
inzuLaTion only if manufacturing is subjected to a quality control programme that provides at least the same level
of assurance as the axample given in clause R.2Z. In parficular, oousLE INBULATICN and REINFORCED INSULATIGN
shall be subjeeted to RouTve TESTS for electric strength
3) For womrkiNG woLTASEE between 2 800 V peak or d.c. and 42 000 V peak or d.c., linear interpolation is permitted
betwsen the nearest two points, the calculated spacing being rounded up to the next higher 0,1 mm increment.
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1 Y o [ A 9 [ 9 1 % [
WU20UA 1IN TURINMI 0 19A151918GN (random number table) 11 lanquAIE1e
Uszansasumudeants
ax A @ ] 2 . . | A @ 1
5100NA0ENUVVNTZVY (systematic sampling) 1WUMITRONAI0819 525NV
1 I ] A v A A ] . o 1
quilueie 9 Tasliiy¥91er0U991531nINN1UY (sampling frame) MIMTGUHI
AGNIEUAY (random  start) 13211 11/AIWFI9V09NI5GN (random  interval) 1HU
Y Y
ADIMIGUINEOU 200 AU VINTNEIUNITHUA 1,000 AU AIUUTIGUNN 5 AU 19117
A A 1 oga 2 ' Y A d
1 Au auyAisgugnaniuatesislszanniauusn lanneay 003 aunaosanily
v 1 k) ' ) [ ~ [l Y [
@10819 launrueay 008 dmsuaunaiutazauae q 1 a2 launvuieay
Y Y
1 @ [} v A <)
013,018,023,....,998 52UNaNA08 19U sz INTNITU 200 AL Tludy
ax A o ' ' : <3| A (J ' =
15100NAI0E 1M VVLNNGN (cluster sampling) 1IUMTRONAIDE1NTEWINTUVVN

v
A o

1 @ I 1 @ [
Yszmnsogrwnuiungy q Alidnsmzaieluladifesnu vsendrendenuaiy
A Ay ' Y Y ~ Y A g o ] < Y ° 1 [

Reu luiidosns wu lddesiou dosiiludredis itudu Sruauveanguais q az
[ é’ o =< A 1 Y [ < o A A 1 1 2’, g}/
gnauIuuIihmsfny wodulangulanzianiznioglunguiiu q Nivuau
) = ] = d' v [ A 1 [ A
Wimsaae1 @y msaneuneInuasuseululszmealne 15101909515 0u
< ' Yo < o Y o ' s A Yo Y & o <
sonilungulaslddaiiunan udihimsqudiua Woqu ladvuanda Aviimsnu
9 v A ~ (] o A g)g}.; I 9 Y @ 1
5 wdeyannynaiseuied ludvangu lduu o Wudu Sinssanguues
< 1] . a J N I o
Uszanailungueos 9 Taeldieesiniigiisnaas (geographic subdivision) ilunan
= o ] Qddy Sl ~a ~ 1 L s
M3a0nA0819U 52 INT 1AIFH NUFPITENDNDE19HINI1 area sampling
ad A @ I VLY T { <3| A @ [l
AB1AONAIDGIMVULUIFY (stratified  sampling) 1Jumsiaenaiee1elsemnsuuy
] I =\ ?z)z 1% J = YA
nivsgnsoanilumanyiowu (stratum) Muiagllszasdvosmsany Taolwl
@ Y @ A I v v A o ~ 1 1
anvuzngluadienunioiluouau@oanu (homogeneous) UINNFA LUAVZUANAL

Y v Y Y

AU521I9TU 1INTUIINTguInuAasFuTuimsane Taolddadiuves
[ o 1 A 3 T v A Tl v @y Y 3’/ dyda! [
nguareg sz mnINguINL MR UYIo lumnun 18 NallvuediuaumINz e
b
a @ ll @ I o l
IF1a0NAI9E1 U IYABTUADY (multi — stage sampling) Hlumsidendlodn

] I o w gl/ 1 1 @ o o o
Usesinsuuynuslsesinseontuaiauyuais YU NN WHUIA D1UND A1UA

=

'y & v Y o 1 ' A o o & A ' )
‘ViiJ“'iJ'l'Ll Lﬂumu !Laﬂ]ﬂ’lﬂ’liﬁ:ﬂﬂig°]f'lﬂ‘ii]'lﬂ“riu')ﬂ1’i§'f)ﬁ'lﬂﬂGlfuﬂﬂlﬂmuﬂ@u INNNUY

I3 o 1 1 AA o o ] A g =3 1 @ 1 ¥ 4
guldanimsgqunineniidiaulvgisesaslufNazyu q audenquatedialugsui

Q

©

' A a0 3 A A =
ADINIT mif,;fmmuumu ﬂ]&lmgﬂ'liﬂigi]'IEJUJqu”NLLWWGUEJ']EJ’E—]@ﬂ]’lﬂlﬁﬂﬂ ] AU
9

v Ay o Y q9 : Y 2a . v
HUIINADINITILNUIIVIINUDYA ﬂ'lblG]fﬂ'li’G:fll 2 AN NLIaN two-stage samphng 013

u

] <

< . Y
A5 Miu three-stage sampling wWuau
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A MTVIUIAVDINGUAIDEN FIIT TUNITHINUAVUIAVDINGUAIDEN {0 INITD

o A Y 9 o ' W ' A = 9 0o < =~
ml,uumﬁul@ IﬂfJﬂ’lﬁGlGIfq@]3ﬂ1u3ﬂ!ﬂlu1ﬂﬂl@\1ﬂﬁ]3~lﬁjﬂﬂ1ﬂ ‘m’a@1%Laaﬂ1%ﬂ1uﬂ1ﬁim1li%§ﬂﬂ

v Y
M3 FgasMuINMUILIAYINgNA10819 TuNTinzna 11D gasued Taro Yamane :

N

kvl 28

n A9 VUIAVDIAIDE
=) o
N A9 WNAUDIUINUIZINT
A ' A
e A9 AINNUAAIANADY
a a 4 o dy 9 A 9 1 ~ 1< 9 A o 1
Tuaneiwusaiviee ldms@ondreduuilszuylumsnudeyaiomuiamia

RMS [10]

A d
2.4 aun3NYi385 (Fourier series)
1 3’: A o A 4 a 9 ~ 9 a v =) < A
UDYATINUNINYIFAAATLUASIAINTADIUTIUITNIWNNTTTNVIA LBU LUEILUASITYI HIY

a I = o <3 J v ' v 3 oA
wganssuduniy q uazemsaou ludnsastulen sy g Tugsmumaiiuae

glx+p)=glx) (2.9)

] [

4 [ =1 ] Y
ANITUNN 9 x 118 x € R 3o xeDc Ruag D#¢ 1azal P 3gn31 Al VOIWINTU
a J v @ csalz I
wosanlanduaiu 27 4 g(x) YA P A9HY f(x)=g(Px/27c)ﬂ$nJumu 27 uag

snasaoula lasdunnain

f(X+2ﬂ)=g[%+Pj=g(Zj=f(x) (2.10)

[

Y 1 F4
Tuauae 1l imevauydn f(x) Aewenduntianu 27 dail

fx+27)= f(x) (2.11)

auudnsl y = 7(x) dnTas msudenslndisnsazmiiousuiifuay q Tasusdazaiy

3
wNsrozmUiu2r
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o ] do Aa A . . . A . A o ]
@208 19U0IMINFUNTAIY 27 A sin(jx)uaz cos(jx)IUoj ADTIUIMANLIN 191
=Y o { . .
gunsaeulanguay Tagsaumoninil a; cos(jx) uag b, sin( jx)
an < so A . . .
dguuan f(x) Huiesnsuiiaiu 27 wag £(x) Ao piecewise continuous VU [—7, 7 ]

ounsuizos S(x) dmsu f(x) Ao

%—i—i(q cos(jx)+b, sm(]x)) (2.12)

j=1

S(x) =

4 o a £ o 4
e dulszdnd a uaz b My ldlaeldgasves eeeians (Euler’s formulas)

=lfﬂ £ (x)cos(jx)dx  dmFuj=0,1,.... (2.13)
72' =l
uae

_:_J. f sm ]x)d MV j=1,2, ... (2.14)

2.4.1 m‘iﬂﬁxmﬂ"’llé)\‘l‘l{\luﬁﬂé (Fourier expansion)
auyd i S(x) fe eynsuyFoidmsy £(x) lusas [z, 7] 81 7 '(x) il
1 A . i , ~ 1 o g’/ 9 1 [ % g‘.: A
ABIUDY (piecewise continuous) UU[—7, 7] uazmmazg@ummmauazmﬂumq ANUUN
S(x) aegiimn q x Adlumindalu [-z, 7] nazlianuduing S(x) = £(x) inn 9 99f x
Wuandnlu [-z, 7], We f(x) Yanuderioduazd x = a dugailideiiosuu 1

Fafu S(a)= ﬂa—)—t@ iile fl@) waz fla)nala ¥ Fanaaeinfivouivang

Y
v A

9 A J . A I
NHILAZV NNEIAL. L‘i?ﬁ]%hlﬂﬂ1iﬂ§3ﬂ1ﬂellf]\w\luliﬂi (Fourier expansion) 1uaan

fx)= % = i (a; cos(jx) +b; sin( jx)). (2.15)

feenaf 2.4.1 uaaalandu f(x)=x/2 sy —z <x <z Niuaiulsznevves

o A = 2

amunldnnaums f(x+27) = £(x) Tasuaasisiineiseynsuyizos

)= jz.j} (—1]?141 sin( ) = sin(x) — sin(22x) N Sing?)x) B
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J A a o 1
ld¥gasvosoneians uazduiniauuuuendIu (by part) 15192 18

1 ¢7 x xsin(jx)  cos(jx)|"
aj:—j —cos(jix)dx = (J_ )+ (]‘2)| = 0
w72 2rj 2|,
TMTUj=1,2,3, .. o
17 x . —xcos(jx) sin(jx)|" 1)/
b, =" Zsin(jx)dx = Ux) ({2)| )
w72 2rj 27 |_” Jj
) [T o a £ A LAY Y as ° A @
MV =1,2,3, e duilsz@nd a,Aemi lain laoismsmuiaiuenny
1= x x> |7
a, =— =— L
T2 4 |-=
X y=34(x)
1.5 v =85(x) y=f(x)

y=35,0x)

a v o A ¢ A Yy o A9
519 2.3 meslﬁmumﬁmuﬂmmﬂau"lqsuwmmlmu %ulﬂ@ﬂﬁlﬂalﬂﬂﬂﬂﬂgﬂﬂﬂﬂﬂﬂﬁ

U

4

o 1 dy Y I 1 1T @ a A 1 ¢ o L= ] 4
ﬂ?iﬂTL!'JiLll’ﬂﬁWH!Lﬁﬂ\ﬂ‘l"ilﬁHﬂﬂﬂ?ﬁNﬂiZﬁﬂ‘ﬁ“ﬂﬂﬂWiuﬁﬁﬂ%uIﬂqcﬁuuﬂHﬂuﬂUﬂ 1N

q

asl 7 (x) naz WumssamuauuuIaIY (partial sums) 32 16

8,0 =sin() - 2
sin(2x) N sin(3x)

2 3

S5 (x) =sin(x) —

b
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uae
sin(2x) N sin(3x)  sin(4x)
2 3 4

S, (x) =sin(x) —

2.4.2 oynsuyfizesTala
1 £ (x) tauiddudandududa dio f(-x)=£(x) lunn x waz f(x) law 27
H 1 Y
uazd £ (x)uaz £ '(x) Wluilendunaeiiionilumse (piecewise continuous) AdtiUBYNTUY]

Fescmsy /(x) wilildnniveslalmissafen

fx) = % + iaj cos( jx), (2.16)
Jj=1
Lﬁ"ﬁ]
2 ¢n :
o= —j £(x) cos(jx)dx 2.17)

MY j = 0,1,...

2.4.3 oynsnyfiSed e
& f(x) At udansuuda dio f(—x)=—f£(x) Tunnx waz f(x) imu
[ ) Y
27 Az f(x)uazf'(x)Lﬂuﬂqﬁ%uﬁmgﬁmgﬂumm (piecewise continuous) AIUU

ounsuyBes dmsy f(x) il ldneives sine pe1ufAon

f(x)=D b, sin(jx), (2.18)
5=
Lﬁ@
2 ¢n .
b, == f(0)sinjx)d (2.19)
ya 0

dmivj=1,2, ...

Y \ J o o [ A Y
A0819 2.4.2 Wuaaalintu f(x) =[x iy -z <x <z Mlszaoudlsmuvesaums

f(x+27) = f(x)uazuaaiism lasdseynsuyiEos In'lad

74 x-cos((2j-Dx)
2 n; (2j-1)
7

- —i(cos(x) + COS(23x) + COS(ZS x) + j
2 7 5

J(x)
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Y

I Y
Wandu £ (x) Wulandug aaiusne ldmdulsans {aj} Sumsmuanmiiu

U

2x sin( jx) N 2cos(jx)|”

2

7j 7j" o

2 ¢ .
a, :;J.O xcos(jx)dx =

J

_ 2cos(jm)-2 _ 2((-1)7 -1

= = — dmiuj=1,2,3,
Tj Tj

Taw (-1 =1)=0uiio j uiurug 1neUNTY cosine i IIAAMoNATsIPE IR

U

[

v 4
sUupvvessyans lulassua Wlueil
4 4 —4
a, = a, =—-, -
' S 2| 3

4
Aulszans a, Wmﬂmsﬁmmuﬂﬂﬂu (separate calculation)

2

2 7 X

aoz—j xdx ==
0

7 7

z
=7.
0

A

FJ J '
ﬂﬁuuliT%gﬁ%}NﬂWﬁNﬂi ansn Qﬂﬁhlﬂ%"lﬂﬁmﬂﬁ (2.17)

a d d o 19 A d a
2.4.4 NGIU gATVDIBBENNDT IﬂElﬂﬁﬁ\ilﬂ@lﬂTiQl"llﬂuf)lé!ﬂiNﬂl‘iﬂ‘iiﬂﬂﬂﬁﬁﬂﬁﬂﬂﬁ@i

g H 9
gn uazdulszans g, laanms Buninia aumsh 2.15) nedosde azld

I f(x)dx = I —+Z(a cos(jx)+b; sm(]x)) X

—I dx+2a J:ﬂ cos( jx)dx +i bjj” sin( jx)dx
T j:l -

=ra,+0+0.

v

4
i]Wﬂuu“I/ﬂﬂ'lillﬂﬁ'iJﬂﬁLW’E]‘Vi’lﬂ']‘UE]\i aoﬂi] hlﬂ Qﬁ 1)
1 ¢7
a,=— j £ (x)dx. (2.20)
72' -7

v S o 4 o g )
“lumsm a, Liﬂ‘lfi m> OuamJummmmJ I COS(mx) HIUNADIVNVDIANUNIT

~ A a o ¥ 9 Y
N (2.15) UAZDUNNTANIADIVN ‘Ugvlﬂ
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J‘_” f(x)cos(mx)dx = %K cos(mx)dx + i a, J._” cos( jx) cos(mx)dx
= .21)

00

b.[" sin(j d
+ IZ_; ; J:” sin( jx) cos(mx)dx.
A 9 A o g’u Y =~ Aa R Y o w Y
o lgnaautanenFuaInIn(orthogonal) 11NWINFUAT Inwiia Fe3anaveniias oz lda
Y A A I @ ’:91
YDANOUUINAUYNIND DINAUNITN (2.15) 1T uAl
a, ¢~ a, sin(mx) |
—OJ. cos(mx)dx = L———~ (mx) =0.
2 Jdom 2m _,,
Mnlalumen cos(jix) cos(zx) M1 laa1nns 1965 Inauila 1uReanu
: 1 . 1 \
cos( jx)cos(mx) = Ecos((] +m)x)+ ECOS((J —m)x).
e j = m l¥aumsn .15) a2 1a

| cosmycos(mad——a, [ cos( + m)ds

1 b3 .
+5ajj_”cos((]—m)x)dx =0+0=0.
e j=mmmnmssuiniaay 14

a, J:” cos(jx)cos(mx)dx = a,

A lunaigiuyniovesaunisi 2.15) 5119148 sin(jx) cos(mx) tagn11qv1nnas 14
@3 INUUA 1FUNY
sin( jx)cos(mx) = ;sin(( j+m)x)+ %sin(( Jj—m)x).
dmsunnaved j ez m luaumsi 2.21) 5192189
b, j sin( jx) cos(mx)dx = ;1; ,. j sin((j +m)x)dx + ; b, j sin(( j — m)x)dx

=0+0=0.

A Yy Y 9 < Y
Lll@l,i11%%@&@%1?\611?\15‘1]1%]1& Liﬁ]%mul’lﬂ’ﬂ

za, =" f(x)cos(mx)dy, dmsum=1,2,.....
-

Ed
v v

Y = A 2 dqYa ' v g ' o
Quuﬂ'lillmﬂcm‘ljﬂﬂuﬂiﬂﬂ.ﬁﬂi ﬂﬁl‘]SLWENLLﬂ a, a, Uag bm MUY [11] LlﬁﬁluﬂﬁﬂWH’Jﬂl‘ﬁW

a £ ia < o g

1% ~ Y a a 4 o dy I [ 4 =]
dulszansiGesvesdyananldluinetinusaiuilastunmsdunsiznygaeynsuyiEes

U
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A Ja 1

2 a o a £ % 1A 4 a 4
YJumrnmsaunadudszansySesAnauardees lumu 20 e13usiiniiodoandoinu

4 a

9
il'lﬁiﬂ'luﬂ'liﬁlﬂiliﬂﬂﬁ'lillﬁﬂu81311’E]uﬂ [9]

U

o do
2.5 msdszanamfsiusanaun

1 [

1 v Jdo w 9 ddy = as Y
ﬂ'liﬂﬁgiﬂﬂ‘lﬂTﬂaiWM‘ﬁ*ﬂ1ﬂﬂl“ll$liﬂEJGlGIS‘VIi]‘HQWHi'IWUﬂﬂllﬂﬁﬂﬁﬁu‘ﬂﬁm’)‘ﬁ UANIVYIS

a J

o ad =S v Ay A 3 T a :é o U
WU 3 ’J‘ﬁiﬂﬁﬁ'ﬂﬂmﬂ‘uﬂ‘lJ’J‘ﬁﬂ']‘ilﬁf)ﬂﬁ’)f]ﬂ'l\ﬁlf]\‘l’)“l’lmuwu‘ﬁ FIMTAMUINTIAY TZU

o do w o o Ay o o w v Y o &
ﬂ?wuﬁmﬂmmmzmmzﬂmJNﬁdﬂ%uﬁ"lummimﬁwuﬁmﬂmw% ‘Vﬁ'ﬂﬂflﬂ!m&ﬂﬂ ANUU

[

A o Jdo 1 % a a ¢ o A o
11!ﬂ1§'T’T'ITJ5W°L!'ﬁﬂTﬂﬂlﬂlﬂﬁx‘]g]}@\‘]ﬁl%}ﬂ'ﬁﬂigﬂ']mﬂ'] G'Tﬁslumﬂmwuﬁﬂuuﬁ%m@mmuﬂmi

b 9
Uszanma jf(x) dx 375 a4l

a

2.5.1 NYAANINAN (Midpoint Rule)
P = {x, %, %, ..., x ) Hhuanvesgaligeriiogluanta [a, bl e a=x, <x,
o ] ] a g 1 ' al 1 ] [
<x,<..< x =b tudeswieila[a , bl eemilun 39608 auyAIARZTIEDY
b=a
n

Y < £ 1 v A o A A
19 x* iflugenanansvessnedos [x, ,x] Woi=1,2,3, ..., n 43Uy Wunveszll

1

= 9 ' [ =
x] Hanundemi g auae Ax=x —x,_ =

[x

i—12

P Ay '
ﬁmaﬂmuwﬂumq [x.

—

x] LRS! f(x,*) Ax

% & % *
Xo X Xy Xy Xy X3 X, Xaa Xq Xy

M 4 H [l
5U7 2.4 ugasmsminuildns i Inedsngyaninais

UG

E
%

NEREREATET! If(x)dxzf(xl*)Ax+f(x;)Ax+-~-+f(x;)Ax

M)+ f(5) + e+ £ ()]
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2.5.2 NHANAYNAINY (Trapezoid Rule)
I [N 4 (] A 4
18P = {x, x,, %, ..., x.} wwavesga liaeiiloslusaeila [a, b] e a = x, <x,
b —a
n

<x,<...< x_=b FWAALTWE0Y [x,_, x] Ianunham qiuae Ax=x —x,_

2 11’1

v
Y

1218 wummiﬂémﬁﬂumwyﬂuqin [x, _, x] 0 %[f(xi_l)+f(xi)] AU
ff(x)dxz%[(f(xo)Jrf(xl))+(f(x1)+f(xz))+“'+(f(xn_1)+f(xn))]

< S+ 27 421 () o4 21 () + £ )]

T

\ }.' o f(x}

L

siii 2.5 uﬁmmﬁmwuw“lﬂﬂﬂmﬂmmgﬁmaﬂmmwu (Trapezoid Rule)

(Y] da  dfw
2.5.3 vianinanBui a4 (Simpson’s Rule)
S| 1 4 1 a 4
IR P ={x,.x,. x,, ..., x } Hwavesya liaedioslugaila [a, b] e a =x, <x, <
b —a
n
1 v do w { 4 {2 1 [
miﬂizmmmﬂ?wuﬁmﬂmwiﬂﬂ“l%’ﬂ;]%m?]ﬂmNwngiﬂﬁﬁ’aﬁLﬂumummgﬁ’umq an

X,<...<x,=b GB\?LLGI'Q”K’NEJ@EJ [x. ,,x] lJﬂ'ﬂiJﬂ’JNL“VH A A ﬂ’f) Ax = X, —X,_

2

11’1

o w

a Jdo o { <3| o 3 1
ngduilduas ldenduideaes (quadratic function) Az 2.6 Taeld n itlusuaudug

1 1 a % 9 1
lugoaredosdanu 15183191131 TUa 1y = Ax" + Bx + C WU (x,_,,y, ), (x,,y) 1ag (x,,

A Lﬁ’ﬂyi:f(xi)uaz X, I—X—AX X, xi+Ax Lﬁ’ﬂi:1,2,...,n[l2]

> i+l



A
1HBDIN

N\, Y = (%)

M 9 H
51 2.6 uaasmsminuAlans v Taenslszanmdiovaninaaidui du

V., =Alx - Ax)* + B(x, - Ax)+cC

y, = Axi2 +Bx, +C

Yoo = AKX+ Axy' + B(x, + Ax)+c

y, tdy+y, ., =Al6 x+ 2(Ax)’] + 6Bx, + 6C

A Hdq 9 2 =

A= Wunlansmmalua y=Ax + Bx +C 90 x,_, 09K,
X;+Ax

A= I(sz + Bx+C)dx
X;—Ax

3 2 X;+Ax

= (A%+B%+Cx)

x;—Ax

x; +Ax

= %(?_Ax3 +3Bx’ + 6Cx)

o E(zA(x,. +Ax) +3B(x; +Ax)” +6C(x, + Ax)}
_E(z A(x, ~ Ax)’ +3B(x, - Ax)’ +6C(x, —Ax)}

- SX{a6x + 24971+ 6B, + 6C

- %(J’u +4y.+y,.)

- %[f(xl._l) +4f(x)+ f(x,)]

18



d‘ % 1 Y
BITINNUNN 2 FN i]gllﬂ’n

n/2

j.f(x) dx ~ ZAi

~-%ﬁfﬁw+4f@0+flﬁﬂ+égu%%)++ﬂxﬂ+f@n]

+...+%[f(xn2)+4f(xn1)+f(xn)]

~ %[f(xo)+4f(x1)+2f(xz)]+4f(x3)+2f(x4)+---+2f(xn_z)

+ 4f(x, )+ f(x,)]

2
[y 1 2 g}J
M0819 3.5.1 1M 1szanamued Ie“‘ dx 113 75 Taeldn=4
0

f(D=e"

gﬂﬁ 2.7 uaaanavesauns f(x)= e

1 2 2
38 wieldldsunsuuntaurauuames 1d Jex ~16.452627765507231
0

M n=4 2218 szzél;ozo.sggazvlﬁ’sﬁaqé@ﬂ [0,0.5],[0.5, 11, [1,1.5],

4 g’; { 1 9 LY ¢
[1.5, 2] e ldngnamui ldnaruwdin ldaaat
1. NHIANINAN

e d ~0.5[e"% +e07 4 129" 1 01797 1214.48561253

S C— 1O

9
Y

U MANULANATNENINDY 1.96701523

2. Téngamdoun1any

: 2 O 5 2 2 2 2 2

j e" dx ~ ?[e“” +e% 4o 4 1 eP7]=20.64455905
0

9
Y

AU ANNNVUANAIUNIND 4.19193129



3.

T¥nguesdudldu

k4
% 1

AU AMANVUANATUNIND 0.90099869

De

Y Y ISP Yo o A
ﬂﬂ‘ﬁ n mmmmm%llﬂmmq ] ANU

20

2
j e dx ~ %[e“’)z +4e% 120 1409 + 7121735362645
0

d' v Jdo w a}/ a A [ 1 Aax 9 Ia  J
M9197 2.3 LAAINATEIMTHIYTWUTTINAUAVDINT 3 ABNIUAUNVIITNG I InuNFu)

FuazliaueaSHuin

{ o 1A
I8lndiRssnganumnilunasgiu [13]

NALUA
Midpoint Trapezoid Simpson’s

! Approx. Diff. Approx. Diff. Approx. Diff.

8 | 15.9056767 | 0.5469511 | 17.5650858 | 1.1124580 | 16.5385947 | 0.0859669
16 | 16.3118539 | 0.1407739 | 16.7353812 | 0.2827535 | 16.4588131 | 0.0061853
32 | 16.4171709 | 0.0354568 | 16.5236176 | 0.0709898 | 16.4530297 | 0.0004019
64 | 16.4437469 | 0.0088809 | 16.4703942 | 0.0177665 | 16.2426531 | 0.0000254
128 | 16.4504065 | 0.0022212 | 16.4570706 | 0.0044428 | 16.45262940 | 0.0000016
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A 2 o ' dow A a 9 [ A dAa
wEuNUAegINlenFuiinanInmsad wargeynsuliEesnll 1, 2, 3, 10 uaz 20
J a o w A o Y A o Y 1 A = ~
a13uetin auaay Taesnmuruali n A 1UIUAIBET , T A MUMA1 27, Tm AD 118N
1 [~ Y] d v o o <
PYoularn liludulsduvealansua1nm i3 898160 m = 1 89 m = n, 9 Tm = T1+m-Dr
= H 1 J o
r fp anvazdeaveananileoulan 1y lulansy r=T/(n-1)
Calculated RMS 719 A1 RMS fifuda]d #9910 (Average)”
Error A9 AMANUAAIAAAUNAIUIA 1A F9 Error = Standard RMS - Calculated RMS
. xN\W\\\| [ /£/ R\
PPM Error fin A1AINIAAOUINDIABUNUAIINTFINADHHIAIY, &9 PPM Error =

(Error/Standard RMS) x 1000000

N

= v Ay vy dy Aa A Y
3.1 ﬂﬂ‘iel1Nﬂ‘ﬂl‘lﬂ‘i]1ﬂﬂ'l§!i’lﬂﬂﬂ’J@ElNﬂlﬂHﬂ‘Ui’Nﬁﬂﬂ HNNNBINNNDTIanda

3.1 andu 7(7) =sins Tugamu 089 27

= o ) Y A A Yy & A 3 v 4 2 A A
“ﬁﬁﬂTUﬂumﬂyauﬂﬂﬂQQﬂﬂzGI?J\?Lﬂ‘Uﬂ’E) n=4 L‘]J‘L!@]u‘lﬂ TINTUNUN D = 2 1390
s & &

n =3 sz lvnndoyalinuugudnamue i uilss Tomilunsi T 1%

u

1 f(t) f[t] = Siﬂ{t}

[2.0943951,0,8660254)

(9.000000, QUU0T) (. 2831853, 000000}

[4.1RE7902, 0.RE602 5

n=4, Resolution (r)= 2r/3 = 2.094395

H 3 [l .
51 3.1 uaasmainy 4 Yoyailuedratosues () =sinz

U
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3.1.2 Wandu £ (1) = cost +sinz —1Tugemu 0 89 27

[

IﬂEJLﬁ’Oﬂﬁﬂ]ﬂl1m‘VlfTi"lxiiJ”ﬁl”lﬂﬂ’ﬂﬁJﬂﬁaﬂ3Jﬁ c]faga’e)ﬂmrsmmm ﬁuﬁmﬂuﬂu 20

u

¢ f(t) = cost+sint-1
ona0. ! (62851853, 000000)
2 ,mﬁ 12.094395, .0.633975)

[4,08879, -2, 364025)

n = 4, Resolution (r)= 2n/3 = 2.094395

ﬂﬁ 3.2 uaaamaifiu 4 maumﬂuammaﬂmm f(t)=cost+sint—1

3.1.3 Wantu £ (1) =3.5cost—12.8sinz — 3.5 Tug29mu 0 89 27

]
=

Tagdendyanaaiunnnanudnanya 11¥a1 Ampliude  vosunazgnaay

o

VW "o s Q& o g A1 A g 2 g ¢ o i
mmuuaz”luﬁuwu‘ﬁﬂmﬂummumn TﬂEJVlﬂmmuuazﬁuqmﬂug{uﬂ @NE‘IJTI 33

1‘ £(t) f(t) = 3.5cost-12.8sint-3.5
15 l ] [
J

(4.188790,5.835125) ©

3
| (6.2831853,000000) /\

10

5

(0.000000, 000000)

@

N /
Jil/
b \\_‘/ (2.094395, 16.335125) ! \\_//

?\.—1?—
i

-15

20 m
n = 4, Resolution (r)= 2m/3 =2.094395

ﬂﬁ 3.3 UAAIM LAY 4 maumﬂu@mm@ﬂmm f(t)=3.5cost—12.8sint—3.5
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Al
v A

= d’ 4 = QU v Y Jd %4 ¢ a
3.2 Anwwanlaoinmsiaenaledisteyavesfanduiidsznevdiassueiings
< ! 4' v
gariu 2 mvesanudvianya
3.2.1 Anmwaildenmisidendediadeyaves 2 Wandulusasmu 0 8 27
Tagidendyanaiiadaunnnaud 2 e15ueiin #111A1 Amplitude  UodLARZYN
A i 1Y Ty o o & o <3 A A 9 2 < Jd o A
aauannuuag luduiusnudusuman TasimGuduuazdugailugud asgii 3.4
dinsudladFuves f(f)=3.2+1.4cost—4.6c0s2t+0.7sint + 0.3sin 2
AWNIDMUIUNIAT RMS TAMIAY 4.700000
daulansuves g(f)=7.9—2.3cos’ —5.6c0s2¢ +3.1sinz +8.3sin2¢ #1150

MUIUNIAT RMS IR0 10.953766

10
git)=79—-23cosf—5.60052r+3.1sin¢ + 8.38in2r

|t b A 1
| /\ \ /\ |/ \ | U | f'/ \
A | N GES '

8000800, 00500] 1.2bv1sss jpm—— 10.00%000,003008) 1\
\/ / \J /f \\/ !
S(r1=32+1 ¥cosr~4.6c0s2r +0.7sinr+ 0.3sin 2r

n= 4, Resolution (r]= 2m/3 = 2.094395 r n= 4, Resolutlon (r] = 2nf3 = 2.094395

Y Jd o { a 4 4 a { 4 a {
517 3.4 ugaalansu fD) waz g(t) Aaanmsadedrondn 2 grsueiinlashiasuoliniaos
o J

| A g ' o A A . A 1Y
UANNU 2 tmMveedsn Tagh f(t) g g(t) TN Amplitude Gll’é]\‘lﬂau&ﬂﬂllllﬁuwu‘ﬁ

Auuaed1ela

= d' 1% = %4 v Y Jd d' 4 ¢ a
3.3 Anwwanlasnmsiaenaledistoyavesanduiidsznevdiasisueiings
gy 3 imveannuBvanya
3.3.1 Anvwaildenmsidendieensdoyaves 2 WanFuae i lusaemu 0 89 27
Taoidondyanaiaiiunnnanud 3 e1fueiln #1%aA1 Amplitude vosuaazgn
A 1 [y T o do  d o < A1 A g Y I Jd o A
aauannuuag luduiusnuduswaudy Tashasudunasdugailugud aagili 3.5
) [ d
dmFulanduves
f({t)=2.6+1.1cost—2.9cos2¢—0.8cos3t+ 0.4sinz + 0.7sin 2¢ —1.1sin 3¢ a 1159

MUl RMS 1amny 3.580503 uazilanduand
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2(t)=9.0-2.7cost —1.6cos2t —4.7cos3t —3.1sin¢ +8.3sin2¢ + 1.1sin 3¢ §11150

MUIUMIAT RMS Iamny 11.697222

2(1)=9.0-2Tcosr—1.6cos2r —4.7cos3r - 3.1sins + 8.3sin2r +1.1sin3¢

— /\_/,...‘m.l\ A
\/ \/

vadh S

Sry=26+1.1cost —2.9cos2r —0.8cos 3t + 0.4sins +0.7sin2r —1.1sin 3¢

4 ) { a 4 ? W o { ¢ a A
51N 3.5 uaaslansu f(n) 1az gt NAANMITATIIAITAGY 3 815u01IN TaeNa15uating 2

{ g 1 o W (%
ag 3 Fﬂ%ﬁﬂ'ﬂﬂalﬂu 2 1% 3 1N ATNANAVUDIAILTN

=X ~ 1% A (Y] v Y do A 4 d a
3.4 ﬂﬂ‘leﬂwﬁ‘ﬂ“lﬂ‘inﬂﬂ15!@9ﬂﬂ?flﬂ1\151163;!a"llﬂﬂﬁ\‘lﬂ“ﬂuﬂﬂi%ﬂﬁ)ﬂﬂ')ﬂa1§3~l®uﬂgﬁ

& v Y
qau 10 mvesaNIBHanya
3.4.1 Anywah laenmsiaeneesdeyaves 2 WanFuaelii Tugasmu 0 89 27
Tagidendqanunaiiaanaud 10 er5uein 11¥a1 Amplitude vousazgn
aauae iy TasfiaweslenFuisudunaz augailugud d3Uf 3.6
f(t)=0.7+1.3cost—2.9cos2¢t+0.9cos3t+3.1costdt—0.4cos 5t —2.7 cos 6¢
+1.5c0os7t=0.5cos 8t —0.5¢c0597 —0.5c0s107 +0.4sin+0.7sin 2¢ —1.1sin 3¢

+1.3sin47+2.8sin5¢ +3.4sin 67 +2.3sin 7t +2.9sin 87 +1.4sin 97 +1.1sin 10¢
AMNTOMUIUKIAM RMS Vo4 £(7) 18y 5.990409

g(t)=13.0-11.9cost—0.1cos2t—0.8cos 37+ 0.7 cosz4t +1.1cos 5t — cos 6¢
+1.5cos7t+2.3cos8 —1.6cos97t—3.2cos10z+0.1sin#+0.2sin 27 —1.3sin 3¢
+1.4sin4¢t+2.5sin5¢+3.6sin 67 +1.2sin7¢ —2.7sin 8¢ +1.8sin 97 +19.9sin 10¢

AWNTOAUIUKIATRMS V04 g(7) @iy 21.612381
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1 () =13.0~-119cost - 0.1cos 2 - 0.8cos 3¢ +0.7cosedr + 1. 1cos 5t - cosér
E5cosTr+-2 3cos8r = 6eos9r — 3 2cos e+ 0 sin e+ 0.2 5in 2r — - 3sin 3r
2.5sin 5 + 3.65in 6r + 1.2sin Tr = 2.7 sin8r + 1 Esig 9 + 19 9sin 10

i (T\mARTviYi
Tt

Fir)=0.T7+1.3c0s¢ - 2.9c0s2¢ + 0.9 cos3r + 3. 1cosrdr — 0.4 cos 51— 2.7 cobér

#1.5cosTr <0 5cos8r = 0.5cos9r = 0.5 coslOr + 0dsing + 0.7sin 2r = L. Isin 3¢
+1.3sin 4 + 2.8sinSr + 3 4sin6r + 2.3sin 7¢ + 2 9sin8r + 1.4 sin9r + 1.1sin 10s

H % PN 4 4 a { 14 a 1
519 3.6 vaaalandu (1) 1az gt NnanAMIadedenar 10 arsuetinlashasueting 2,

U

= { g ' o W o
3,4,5,6,7,8,9 0% 10 umm?mJu 2 5\1 10 M7 AUAIAVUDIAULTN

= A v A Y v Y du A 1'% 4 a
3.5 Anwwaillaainmsiaendediateyavesfanduilszneudlnarsueiings
I ' d' Y
gauiu 15 iImvesnudHanya
3.5.1 finwwaildoinmsidondledrsdeyaves 2 Wenduaeliil lugremuv 0 8e 27

@ { { 4 a { 1 1
Tagidondyaafiadauannwd 10 g15ueiin 1lda1 Ampliude VoILABZYN

AR U Tﬂﬁmmmmﬁanﬂvuwmuuawﬁuﬁmﬂuﬁu Avg1N 3.7

f()=0.7+1.3cost—2.9c0s2¢t+0.9cos37+3.1cost4t—0.4cos 5t — 2.7 cos 6¢
+1.5c087t—0.5c088¢—0.5c089¢—0.5c0s10¢ +0.4sin#+0.7sin 27 —1.1sin 3¢
+1.3sin4¢+2.8sin5¢+3.4sin 67+ 2.3sin107+2.9sin117+1.4sin13¢+1.1sin15¢

ANMNTOMUIUKIA RMS Wad £(7) 1amny 5.990409

2(t)=0.7+1.2cost—2.9cos 2t +1.0cos 3t +2.3cost4t —0.4 cos 5t —1.9 cos 6¢
+2.5c087t—0.5c0s8¢—1.0c0s9¢—1.0cos107+0.4sin¢+0.7sin2¢ —1.1sin 3¢
+1.3sin4t+2.8sin107+3.4sinl1 17+ 2.3sin127 +2.9sin137+1.4sin147+1.1sin15¢

AN5MUIUHIAIRMS Ued g(7) ldmiiy 5.882601

cosf—29¢c0s 2 +1.0cos 3r + 2 3c0ss4r — 0. deoss — 1.9 cosbir
—1.0cosS —1.0cos10r+ 0.45in f+0.7sin 2 — 1. 1sin 3¢
+1.3sin dr + 2.8sin10¢ + 3.4sin 11 + 2.3sin 12¢ + 2.9sin 137 + 1.4 sin 14r + 1. Dsin 1 5¢

-.: Jlﬁﬂ/ I\J\Uﬂﬂ ﬂu/\ ﬂwﬂuﬂﬂ : :\ \n I (\n& I /ﬂ”\n
W

2.7 cost

15

0591 — 0.5 cos10f = 0.4 5in [ + 0.7 si —1.1sin 3t

+1.35m 40+ 2.85in S+ 3 Asin 60+ 2.35in10¢ + 2.95m 110 + 1 A5in 137 + 1. 1sm 150

‘I.Iﬁ 3.7 Llﬁﬂﬂﬁﬂﬂ%u f(t) ag g(t) ﬂlﬂﬂﬁﬂﬂﬂ”liﬁi%‘]ﬂ’lﬂﬂﬁu 15 81§Mﬂuﬂjﬂﬂﬂ81iﬂﬂuﬂ°ﬂ 2,

3.4,5.6,7.8.9, 10, 11,12, 13, 14 a2 15 Tanuadiu 2 59 15 01 mudiduvesdansn
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= d' Y = Y v Y Jd d' Y ¢ a
3.6 ﬁﬂ‘lel1Nﬁ°ﬂnlﬂ%'lﬂﬂ1§!ﬁﬂﬂﬂﬁﬂfﬂﬂsllﬂﬂﬁﬂlf’)ﬁﬁﬂﬂ‘ﬂuﬂﬂigﬂﬂﬂﬂ?ﬂa1§3~lﬂuﬂgx‘i

< ' 4' %
gty 20 MvesaNNBHanya
3.6.1 finmmai ldainmsidendiedatioyaves 2 Wandune 1 Tugasmu 0 8 27
Tagdendayanaiaiiennananud 20 erueiin 1WAl Amplitude VoGAZEN

ﬂaummﬂu TﬂEl‘lflm“ll’eNﬁﬁﬂ%uliwﬁmm”ﬁuﬁmﬂuﬂu Aa317n 3.8

f()=0.7+1.3cost—2.9cos2t+0.9cos3¢+3.1cost4t —0.4cos 5t —2.7 cos 6¢
+1.5¢c0817t—0.5¢c0s18¢—0.5¢c0819¢—0.5¢c08207 + 0.4sinz+0.7sin 2¢ —1.1sin 3¢
+1.3sin4¢+2.8sin15¢+3.4sin167+2.3sin17¢+2.9sin18¢+1.4sin197+1.1sin 20¢

AMNTOMUIUKIATRMS Uod £ (7) 18M1AY 5.990409

g(t)=13.0—-11.9cost—0.1cos2¢t—0.8cos3¢+0.7 cost4t +1.1cos 5t — cos 6¢
+1.5¢c0817¢t+2.3cos18 —1.6c0s197—3.2¢c0s20¢+0.1sin¢+0.2sin 2¢ —1.3sin 3¢
+1.4sin4t+2.5sin5¢+3.6sin6¢+1.2sin17¢—2.7sin18¢ +1.8sin197 +19.9sin 20¢

A1159MUIUKIA1 RMS v04 g(7) Tamny 21.612381

20 =13.0-119cosr- 0.1cos 2r — 0.8 cos 3r +0.7cossdr + 1. loos 5t — cosér
L5cos 78+ 2.3 cosBr — Lo cos 932008100+ 0: 15in ¢+ 0:25in 26— F.35in 3¢
+ 1. 4sindr+ 2.5gin 5 + 3.65m 6 +1.25m Tr— 3. 7sin8r + 1 SsmpBr + 15 9sin 100

i
T

i,I o T \/,I' W "
/ i jimii :
v
Sr)=0.7+1 30057 — 2 9cosde + 0.9 cosdr + 3. 1cosrdr — 0.4 cos5r — 2.7 cob6r

+1.5¢08 Tr =0.5cos8r = 0.5cos9r = 0 5cost0r + 0.4sing +0.7sin 2r = 1. 1sin3¢
+1.38in 41 + 2.88in564 3.48in 67 + 2.3sin7r + 2.9sin8r + 1 4sin9r +1.1sin107
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Y { A 4 4 a $ J a y
517 3.8 naaslandiu fo) tag g MAanNMsasIemenau 20 ar5ueiin Taesia1sueting 2
= ~ A g = 1 o o o Y
049 20 HAuDu 2 3 20 1N MUERUVRITYNUALTN

y wA o v d v .
3.7 dnymanlaan AMANTANALINMAIADIVRININTU £ (7) = sint

A 9 @ ] A é’ A = = Y o dy
ma“lcvéuummmmaﬂmwmu"lﬂzsam N n=4 m%zmau“lugﬂmmwaum'la JU

n-1 : _
3 sin? (27 = sin? (25 +sin () - sin () 44 sin (V2227 4 sin? (27)
- n—1 n—1 n—1 n—1 1

n=4,vwisznouaie, sin 2(0) +sin® ( )+s1n ( )+s1n (2x)



n=>5,321s5enouaae, sin’(0)+sin’ ( 4

n=6,3U5znouaie, sin’(0)+sin> (

n=n,wilsenouaie, sin’(0)+sin’ (

27

)+sm ( 4 )+s1n ( )+sm (27)

)+s1n ( s )+sm ( s )+sm ( )+sm (27)

) +sin (—) +sin (—) +sin*(27)
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UNN 4

a d
HANIINAADINUASNTITIAIICTHINANTIINA AN

A %] 1 o A Aa Y Y A Jas
HEAINANTHONAPENIINTIRFURNAINMTAS 1R eYNTUYEEI AT 1, 2, 3, 10
J a o o d‘ o Y =) o % ] A A
waz 20 a13uein muday Tasimruald n Ao 14IUAILE19, T Ao AuNal 27, Tm Ao
H 1 < % LY o w <
naidleouladh lidludlsduvesiandunnmsizesdvum = 189m = n, AT, =
T1+(m-1)r
H ] L&Y
r Ao anwazpeavewantleuldmi 1 ludedsu r = T/(n-1)
A ' A o Y = Vv 0.5 A !
Calculated RMS A8 1 RMS ﬂmmm'lﬂ HAILININY (Average) ~, Error AD AN
ANUAAAAADUNAIUINL I @9 Error = Standard RMS - Calculated RMS
PPM Error fin AAIMIAAUUDIASUNUANIATFIUABKHIAIY, &9 PPM Error

faldan (Error/Standard RMS) x 1000000

4 Y} d v -
4.1 waitlaoinmstaeniiednsdoyaveslandu /(7) =sins Tusrenu 0 da 27

=

° 9 Yy A P 9 S A 3 9 A g o A
WQ%WH?M%@H&U@&‘HQ@%%Z@’fNLﬂ’UﬂE] n=4 Lﬂuﬁu”lﬂ UINLTUNUN n=2 IO n=3 9%

Y 9 A

) 1 H
wilinndeyaianiiugudianua e lidudseTomilunni iy iFou snluunii 1 a1

9 U

RMS #imuaauflua1inasgiu (Standard RMS) w04 f(£) =sin/ o ~0.707107,

&
V2

) v I 1A )
mvualdnmnasgiuues 7 = 3.1415927 dlumnld lumsmun

M13197 4.1 UIAAINITH RMS vosdania £(¢) =sint Lﬁai%’%gaﬁmm n=4

n=4 flt) = sin(t) T = 6.2831833 r=T/(n-1)

t tm=1tl + (m1)r sin(t) sin*(t)
tl 0.000000 0.000000 0.000000
t2 2.094335 0.866025 0.750000
3 4.188790 -0.866025 0.750000
4 6.283185 0.000000 0.000000
Average 0.375000
Calculated RMS 0.612372
Standard RMS 0.707107
Error 0.094734

PPM Errar 133975



M3197 4.2 1AAINITHI RMS voddayaas f(7) =sint Lﬁai%’%’auﬂaﬁmau n=>5

n=>5 f{t) = sin(t) T = 6.2831853 r=T/(n-1)

t tm=1tl + (m-1)r sin(t) sin(t)
t1 0.000000 0.000000 0.000000
t2 1.570796 1.000000 1.000000
t3 3.141593 0.000000 0.000000
t4 4.712389 -1.000000 1.000000
t5 6.283185 0.000000 0.000000
Average 0.400000
Calculated RMS 0.632456
Standard RMS 0.707107
Error 0.074651
PPM Error 105573

a . . A quy °
M3199 4.3 HAAINITHIRMS vodgana £(¢) =sins olsioyadiuiun=6

n==6 f{t) = sin(t) T = 6.2831853 r=T/(n-1)

t tm=tl + (m-1)r sin(t) sin’(t)
tl 0.000000 0.000000 0.000000
t2 1.256637 0.951057 0.904508
t3 2.513274 0.587785 0.345492
t4 3.769911 -0.587785 0.345492
t5 5.026548 -0.951057 0.904508
th 6.283185 0.000000 0.000000
Average 0.416667
Calculated RMS 0.645497
Standard RMS 0.707107
Error 0.061610
PPM Error 87129

= o G A gy °
M15191 4.4 LAAINIHIRMS vodqyanal £(¢) =sins Helsdoyadiuiun=7

n=7 f(t) = sin(t) T = 6.2831853 r=T/(n-1)

t tm =t1 + (m-1)r sin(t) sin’(t)
tl 0.000000 (0.000000 0.000000
t2 1.047198 0.866025 0.750000
t3 2.094395 0.866025 0.750000
t4 3.141593 0.000000 0.000000
t5 4.188790 -0.866025 0.750000
th 5.235988 -0.866025 0.750000
t7 6.283185 0.000000 0.000000
Average 0.428571
Calculated RMS 0.654654
Standard RMS 0.707107
Error 0.052453
PPM Error 74180
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M5197 4.5 udAINIUI RMS vosdayanar £(7) =sins o l9dayasiuaun=10

n=10 f(t) = sin(t) T = 6.2831853 r=T/(n-1)
t tm=tl + (m-1r sin(t) sin*(t)

t1 0.000000 0.000000 0.000000
2 0.698132 0.642788 0.413176
3 1.396263 0.984808 0.969846
t4 2.094395 0.866025 0.750000
t5 2.792527 0.342020 0.116978
th 3.490659 -0.342020 0.116978
t7 4.188790 -0.866025 0.750000
t8 4.886922 -0.984808 0.969846
t9 5.585054 -0.642788 0.413176
t10 6.283185 0.000000 0.000000
Average 0.450000
Calculated RMS 0.670820
Standard RMS 0.707107
Error 0.036286
PPM Error 51317

a o . A 9y o
M3197 4.6 HAAINITH RMS Woddyaas £ (r) =sint 1o 149932311491 n = 20

30

n=20 f(t) = sin(t) T = 6.2831853 r=T{(n-1)
t tm =tl + (m-1)r sin(t) sin’(t) t tm = tl + (m-1)r sin(t) sin’(t)
t 0.000000 0.000000 0.000000 t15 4.629715 0.996584 0.993181
2 0.330694 0.324699 0.105430 t6 4960400 -0.969400 0.039737
t3 0.661388 0.614213 0.377257 ti7 5.291103 -0.837166 0.700848
4 0.992082 0.837166 0.700848 t18 5.621797 -0.614213 0.377257
t5 1.322776 0.969400 0.939737 t19 5.952491 -0.324699 0.105430
t6 1.653470 0.996584 0.993181 20 6.283185 0.000000 0.000000
7 1.984164 0.915773 0.838641
t8 2.314858 0.735724 0.541290 Average 0.475000
9 2.645552 0.475947 0.226526 Calculated RMS 0.689202
t10 2.976246 0.164595 0.027091 Standard RMS 0.707107
11 3.308940 -0.164595 0.027091 Error 0.017904
ti2 3.637634 -0.475947 0.226526 PPM Error 25321
13 3.968328 0.735724 0.541290]
ti4 4.299022 -0.915773 0.838641
a o { A g vy °
AN 4.7 LUAAINITHT RMS U93dyaIal f(t) =sinft maiwayammu n=>50

n =50 f(t) = sin(t) T = 6.2831853 r=T/(n-1)

t tm =t + (m-1)r sin(t) sin*(t) t tm =tl + (m-1)r sin(t) sin*(t)

t1 0.000000 0.000000 0.000000 30 3.718620 -0.545535 0.297608

12 0.128228 0.127877 0.016353 31 3.846848 -0.648228 0.420200

3 0.256457 0.253655 0.064341 32 3.975076 -0.740278 0.548012

4 0.384685 0.375267 0.140825 t33 4.103305 -0.820172 0.672683

t5 0.512913 0.490718 0.240804 34 4.231533 -0.886599 0.786058

t6 0.641141 0.598111 0.357736 35 4.359761 -0.938468 0.880723

t7 0.769370 0.695683 0.483974 36 4.487990 -0.974928 0.950484

t8 0.897598 0.781831 0.611260 t37 4.616218 -0.995379 0.990780

] 1.025826 0.855143 0.731269 38 4.744446 -0.999486 0.998973

o 1.154054 0.914413 0.836150 39 4.872674 -0.987182 0.974528

ti1 1.282283 0.958668 0.919044 40 5.000903 -0.958668 0.919044

t12 1.410511 0.987182 0.974528 1 5.129131 0.914413 0.836150

t3 1.538739 0.999486 0.998973 42 5.257359 -0.855143 0.731269

t14 1.666968 0.995379 0.990780 43 5.385587 -0.781831 0.611260

t15 1.795196 0.974928 0.950484 44 5.513816 -0.695683 0.483974

tie 1.923424 0.938468 0.880723 45 5.642044 -0.598111 0.357736

t17 2.051652 0.886599 0.786058 t46 5.770272 -0.490718 0.240804

t18 2.179881 0.820172 0.672683 47 5.898500 -0.375267 0.140825

t19 2.308109 0.740278 0.548012 48 6.026729 -0.253655 0.064341

20 2.436337 0.648228 0.420200 49 6.154957 -0.127877 0.016353

21 2.564565 0.545535 0.297608 t50 6.283185 0.000000 0.000000

22 2.692794 0.433884 0.188255

23 2.821022 0.315108 0.099293 Average 0.490000

24 2.949250 0.191159 0.036542 Calculated RMS 0.700000

25 3.077479 0.064070 0.004105 Standard RMS 0.707107

26 3.205707 -0.064070 0.004105 Error 0.007107

t27 3.333935 -0.191159 0.036542 PPM Error 10051

28 3.462163 -0.315108 0.099293

£29 3.590392 -0.433884 0.188255
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M13197 4.8 1@AIA1 PPM Error 11891nmMsnIRMS  wesdyaae £(7) = sinz 1ilelddoya

Y
UIUAWA n=4 DI n =50

Sampling Size PPM Error 150000
n=4 133975
n=5 105573 PPM Error
n=6 87129
n=7 74180
n=8 64586 140000
n=9 57191
n=10 51317 ?
n=11 46537 \
n=12 42573 \
n=13 39231 120000 ||
n=14 36376 |
n=15 33908 \
n=16 31754 |
n=17 20857 ®
n=18 28175 \
n=19 26671 100000 T
n=20 25321
n=21 24100 1
n=22 22992 ~
n=23 21981 |
n=24 21055 80000
n=25 20204 h
n=26 19419 ®
n=27 18603 h\
n=28 18019 .
n=29 17393 \
n=30 16808 -
n=31 16261 .\
n=32 15749 o
n=33 15268 ®
n=34 14816 i
n=35 14389 40000 ‘.\.
n=36 13987
n=37 13606 ‘.\.
n=38 13246 ‘.'
n=39 12904 ®ee
=i o TN
-
n=a2 11976 ““m.
n=43 11696 g 2 1 T TP,
n=44 11429
n=45 11174
n=46 10929 —— T N e L R s i v
n=47 10695 n=4 n=6 n=8 n=10n=12 n=14 n=16 n=18 n=20 n=22 n=24 n=26 n=28 n=30 n=32 n=34 n=36 n=38 n=40 n=42 n=44 n=46 n=48 n=50
n=48 10471 Sampling Size (n
n=49 10257 oy =
n=50 10051

4.2

Oaﬁ 27

ci % N Y, | Y d v . v
Na‘n"lﬂmﬂmsmanmamwm&ammﬁanﬂm f(t)=cost+sint -1 11!‘11’30?’]1‘]]

A ) A 9 Al g & A v Ay 2 g ¢
Tﬂﬂla@ﬂ ﬂgmﬂmﬂﬁ‘iwmmﬂﬂjmﬂﬁaﬂy’a G]NLﬁ’EJﬂﬂHiWIU!,Laza‘uqmﬂuf[uEJ 1NUN

1 1 /1 RMS fifunandlusunasgiu (Standard RMS) fin 2 ~ 1.414214

= o . A4 quy 0
M191391 4.9 UAAINITHI RMS vodqyaar £(¢) = cost +sinz —1 iwaldvoyadiuiun=4

f(t) = sin(t)+cos(t)-1

n= 4 T = 6.2831853 r=T/(n-1)
t tm=tl + (m-1)r f(t) f)*f(t)

t 0.000000 0.000000 0.000000
2 2.094395 -0.633975 0.401924
3 4.188790 -2.366025 5.598076
4 6.283185 0.000000 0.000000
Average 1.500000
Calculated RMS 1.224745
Standard RMS 1.414214
Error 0.189469
PPM Error 133975




filt) = sin(;c)+cos(t)—l
5

M3197 4.10 1AAINITHI RMS voddqyaal f(7) = cost +sinz —1 Lﬁai%’%’ayaﬁ’mm n=>5

n= T = 6.2831853 r=T/(n-1)
t tm =11 + (m-1)r flt) fl)*f(t)

t1 0.000000 0.000000 0.000000
t2 1.570796 0.000000 0.000000
t3 3.141593 -2.000000 4.000000
t4 4.712389 -2.000000 4.000000
t5 6.283185 0.000000 0.000000
Average 1.600000
Calculated RMS 1.264911
Standard RMS 1.414214
Errar 0.149302
PPM Error 105573

f(t) = sin(t)+cos(t)-1

a o q A quy o
19199 4.11 LTAINITHI RMS voddyuI f(¢) = cost +sint —1 maimay‘ammu n=6

n= 6 T = 6.2831853 r=T/(n-1)
£ tm =1t1 + (m-1)r f(t) fE)*f(t)

tl 0.000000 0.000000 0.000000
2 1.256637 0.260074 0.067638
t3 2.513274 -1.221232 1.491407
t4 3.769911 -2.396802 5.744661
5 5.026548 -1.642040 2.696294
to 6.283185 0.000000 0.000000
Average 1.666667
Calculated RMS 1.290994
Standard RMS 1.414214
Error 0.123219
PPM Error 87129

f{t) = sin(t)+cos(t)-1

M990 4,12 1FAINIIHT RMS voddqyaia £(¢) = cost +sins —1 Lﬁai%}eﬁayaﬁmm n=7

n= 7 T = 6.2831853 r=T/(n1)
t tm=tl + (m-1)r f{t) fO*(t)

tl 0.000000 0.000000 0.000000
2 1.047198 0.366025 0.133975
t3 2.094395 -0.633975 0.401924
t4 3.141593 -2.000000 4.000000
t5 4.188790 -2.366025 5.598076
to 5.235988 -1.366025 1.806025
t7 6.283185 0.000000 0.000000
Average 1.714286
Calculated RMS 1.309307
Standard RMS 1.414214
Error 0.104906
PPM Error 74180
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M5197 4.13 1AAINITHI RMS V0SdyaNl £(r) = cost +sinz — 1 1o ldioyasmaun= 10

f(t) = sin(t)+cos(t)-1

n= 10 T = 6.2831853 r=T/(n1)
t tm =11l + (m-1)r f(t) fE)*f(t)

jul 0.000000 0.000000 0.000000
2 0.698132 0.408832 0.167144
3 1.396263 0.158456 0.025108
t4 2.094395 -0.633975 0.401924
5 2.792527 -1.597672 2.552557
to 3.490659 -2.281713 5.206213
7 4.188790 -2.366025 5.598076
8 4.886922 -1.811160 3.280299
9 5.585054 -0.876743 0.768679
t10 6.283185 0.000000 0.000000
Average 1.800000
Calculated RMS 1.341641
Standard RMS 1.414214
Error 0.072573
PPM Error 51317

M151397 4.14 UAAINIIH RMS vodayayias £(7) = cost +sins —1 Lﬁai%’%y‘aﬁmau n=20

f{t) = sin(t)+cos(t)-1

n= 20 T = 6.2831853 r=T/(n-1)
t tm=1t1 + (m-1)r flt) fE)*(t)

Tl 0.000000 0.000000 (0.000000
t2 0.330694 0.270517 0.073179
t3 0.661388 0.403353 0.162694
t4 0.992082 0.384115 0.147544
t5 1.322776 0.214886 0.046176
th 1.653470 -0.085995 0.007395
t7 1.984164 -0.485922 0.236120
t8 2.314858 -0.941558 0.886531
9 2.645552 -1.403526 1.969886
t10 2.976246 -1.821767 3.318834
il 3.306940 -2.150956 4.626611
ti12 3.637634 -2.355421 5.548009
t13 3.968328 -2.413005 5.822595
t14 4.299022 -2.317469 5.370661
15 4.629715 -2.079164 4.322922
t16 4.960409 -1.723915 2.971882
t7 5.291103 -1.290218 1.664663
t18 5.621797 -0.825072 0.680744
t19 5.952491 -0.378882 (0.143552
t20 6.283185 0.000000 0.000000
Average 1.900000
Calculated RMS 1.378405
Standard RMS 1.414214
Error 0.035809
PPM Errar 25321
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/ o . i quy o
ﬂﬁNﬁ 4.15 1LEAANN1THT RMS Uoda Y1 f(t) =cost +sint—1 Lﬁa‘lwagammu n=1>50

f{t) = sin(t)+cos(t)-1

n= 50 T = 6.2831853 r=T/(n1)

t tm =tl + (m-1)r f(t) HE)*ft) t tm =t + (m-1)r f(t) fE)*f(t)
t 0.000000 0.000000 0.000000 30 3.718620 -2.383623 5.681659
2 0.128228 0.119667 0.014320 31 3.846848 -2.409674 5.806530
t3 0.256457 0.220949 0.048819 32 3.975076 2.412579 5.820537
t4 0.384685 0.302184 0.091315 33 4.103305 -2.392289 5.723046
5 0.512913 0.362036 0.131070 34 4.231533 -2.349138 5.518447
t6 0.641141 0.399524 0.159620 35 4.359761 -2.283833 5.215895
t7 0.769370 0.414032 0.171422 36 4.487990 2.197449 4.828781
8 0.897598 0.405321 0.164285 37 4.616218 -2.091402 4.373963
19 1.025826 0.373535 0.139529 38 4.744446 -1.967435 3.870799
10 1.154054 0.319196 0.101886 39 4.872674 -1.827582 3.340056
til 1.282283 0.243195 0.059144 40 5.000003 -1.674140 2.802746
t12 1.410511 0.146782 0.021545 4l 5.129131 -1.509629 2.278981
EE 1538739 0.031538 0.000995 42 5.257359 1.336750 1.786901
ti4 1.666968 0.100644 0.010129 3 5.385587 -1.158342 1.341755
ti5 1.795196 0.247593 0.061302 44 5.513816 0.977333 0.955180
ti6 1.923424 0.406897 0.165565 45 5.642044 0.796697 0.634726
ti7 2.051652 0.575939 0.331705 45 5.770272 0.619399 0.383655
t18 2.179881 0.751944 0.565420 47 5.898500 -0.448350 0.201018
t19 2.308109 0.932023 0.868667 t48 6.026729 0.286360 0.082002
20 2.436337 -1.113218 1.239253 49 6.154957 0.136087 0.018520
21 2.564565 -1.292553 1.670694 £50 6.283185 0.000000 0.000000
22 2.692794 -1.467085 2.152339

23 2.821022 1.633948 2.669785 Average 1.960000
024 2.949250 -1.790401 3.205534 Calculated RMS 1.400000
25 3.077479 -1.933875 3.739873 Standard RMS 1.414214
26 3.205707 -2.062016 4,251908 Error 0.014214
27 3.333935 2172718 4.720703 PPM Error 10051
28 3.462163 2264164 5.126438

29 3.590392 -2.334853 5.451537

9
@ 1 3 '
vinwansnaasdd uasndoyanua 4 Yoyatludulil azlvid1 PPM Error oonun

[ % A (2 1 .
MINUNITIDNAIBENVDY [ (7) =sint

4.3 wanldoinmsiaennledisvoyavealaniy £(;)=3.5cos—12.8sin 3.5

Tura3010 0 99 27

1
= (%

Tagr@ondyanafiad sunvinanudnany

Ty o do & [ < A
Llazqnﬁnwuﬁﬂulﬂumu’mmn TﬂfJ‘VI

o < ' { o
Aonilua1asgiu (Standard RMS) Nduda 'l

VoA 9

ANUIUAULLA

a #114A1 Amplitude VB IADZYNAAUAIINY

=

9 10.014739

2L < 7 ~ ! A
zﬁuqmﬂug{uﬂ ANUNN 1 AT RMS N

M3197 4.16 11AAINTHT RMS voddqya sl f (1) =3.5cost —12.8sin7 —3.5 Lﬁai%’%}ay’a

91U n=4

f(t) = 3.5cost-12.8sint-3.5

n= T = 6.2831853 r=T/(n-1)
t tm =tl + (m-1)r f{t) fE)*f(t)

ti 0.000000 0.000000 0.000000
t2 2.094395 -16.335125 266.836314
t3 4.188790 5.835125 34.048686
t4 6.283185 0.000000 0.000000
Average 75.221250
Calculated RMS 8.673019
Standard RMS 10.014739
Error 1.341721
PPM Error 133975
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M3197 4.17 LaAIMsMI RMS  vesdqyaas £(¢) =3.5cosz —12.8sinz —3.5 i lddoya

UIUn =50

f(t) = 3.5cost-12.8sint-3.5

n= 50 T = 6.2831853 r=T/(n1)

t tm=1t + (m-1)r ft) fE)*f(E) t tm=1t1+ (m1)r ft) fE)*(E)
o 0.000000 0.000000 0.000000 30 3.718620 0.549538 0.301992
2 0.128228 -1.665563 2.774099 131 3.846848 2.132263 4.546544]
3 0.256457 -3.361247 11.297979 32 3.975076 3.622505 13.122544]
4 0.364685 -5.059209 25.595596 33 4.103305 4.995797 24.957983
5 0.512913 -6.731569 45.314024) 34 4.231533 6.229587 38.807756
% 0.641141 -8.350867 69.736982 35 4.359761 7.303618 53.342838
19 0.769370 0.890514 97.822266 36 4.487990) 8.200254 67.244166
8 0.897598 -11.325229 128.260804 137 4.616218| 8.904772 79.294965
9 1.025826 -12.631453 159.553614 38 4.744446) 9.405604 88.465388
o 1.154054 -13.787740 190.101771 39 4.872674] 9.694526 93.083843
i1 1.282283 -14.775102 218.303638, 40 5.000903 9.766795 95.390286
2 1.410511 -15.577327 242.653123 41 5.120131 9.621223 92 567937
t3 1.538739 -16.181243 261.832627, 47 5.257359 9.260201 85.751329
ti4 1.666968 -16.576933 274.794716, 43 5.385587 8.689657 75.510144
t15 1.795196 -16.757901 280.827231 t44 5.513816 7.918959 62.700918)
ti6 1.923424 -16.721173 279.597643 t45 5.642044 6.960762 48452214
7 2.051652 -16.467355 271.173785 46 5.770272 5.830800 33.998230
18 2.179881 -16.000613 256.019622 47 5.898500 4.547626 20.680905
t19 2.308109 -15.328611 234.966330, 48 6.026729 3.132311 9.811370
20 2.436337 -14.462384 2(19.160560, t49 6.154957 1.608093 7.585962
21 2.564565 -13.416155 179.993218, 50 6.283185 0.000000 0.000000/
t22 2.692794 -12.207103 149.013361

23 2.821022 -10.855080, 117.832768, Average 98.289100
24 2.949250 -9.382287 88.027318 Calculated RMS 9.914086
25 3.077479 -7.812908 61.041527 Standard RMS 10.014739
26 3.205707 -6.172710 38.102349 Error 0.100653
t27 3.333935 -4.488627 20.147769 PPM Error 10051
t28 3.462163 -2.788310 7.774672

t29 3.590392 -1.099679 1.209294

9
@ 1 3 J 1w
MaramsnaaoInuaentoyantua 4 Joyaiiluanly 92 1% PPM Error ponuuviimy

M31ANA2DE1UDY f(t) =sint

Y Y 4
4.4 wanlaminmsiaenaledistioyaves 2 Wn

d' % | =2
ANNetiania 6114‘1‘3&?111] 0049 27
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A
BHNNITINDUNEAIGAL
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2 mwes

A o Ay A o A Aq Y . ' A oA
La@ﬂﬁﬂtjﬂ]u'lmﬂﬁi'mu'ﬁnﬂﬂj'ulﬂ 2 J1TUDUD Vﬂﬁﬂ'] Amphtude "’U'l’)\u!a@ﬁggﬂﬂau!a@ﬂ

A1 a9

dulalaslilindnnasilan Tﬂﬂmﬂ1wmuua$§uqﬂL?Jugfuff) Feladsuaziiiu £(7)uas
(1) fasio il

F(t)=3.2+1.4cost —4.6cos2t +0.7sinz +0.3sin2¢, ARMS ¥84 f(¢) azmuiala
4.700000

g(1)=7.9—-23cost —5.6c0s2t +3.1sin7 +8.3sin27, AIRMS Vo4 g(f)vvduinla

10.953766
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M5197 4.18 UAAINITHI RMS 104 2 dayanauiiiinenmssunu 2 a13uedin e n=4

f(t) = 3.2+1.4cost-4.6cos2t+0.7sint+0.3sin2t g(t) = 7.9-2.3cost-5.6cos2t+3.1sint+8.3s5in2t

n= 4 T = 6.2831853 r=T/(n-1)
t tm =t1 + (m-1)r f(t) fE*f(D) a(t) a(t)*g(t)

jul 0.000000 0.000000 0.000000 0.000000 0.000000
t2 2.094395 5.146410 26.485538 7.346668 53.973529
t3 4.188790 4.453590 19.834462 16.353332 267.431471
4 6.283185 0.000000 0.000000 0.000000 0.000000
Average 11.580000 Average 80.351250
Calculated RMS 3.402940 Calculated RMS 8.963886
Standard RMS 4.700000 Standard RMS 10.953766
Error 1.297060 Error 1.989881
PPM Error 275970 PPM Error 181662

M5197 4.19 UAAINITHT RMS 109 2 dayanaiiitnaann1ssmniu 2 a13uedin o n=5

f(t) = 3.2+1.4cost4.6c052t+0.7sint+0.3sin2t

g(t) = 7.9-2.3cost-5.6c052t+3.1sint+8.3sin2t

n= 5 T = 6.2831853 r=T/(n-1)
t tm =1t + (m-1)r ) li{9i{3) a(t) g(t)*g(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 1.570796 8.500000 72.250000 16.600000 275.560000
3 3.141593 -2.800000 7.840000 4.600000 21.160000
t4 4.712389 7.100000 50.410000 10.400000 108.160000
t5 6.283185 0.000000 0.000000 0.000000 0.000000
Average 26.100000 Average 80.976000
Calculated RMS 5.108816 Calculated RMS 8.998667
Standard RMS 4.700000 Standard RMS 10.953766
Errar -0.408816 Errar 1.955100
PPM Error -86982 PPM Error 178487

4 o { a [ 4 a 4
m'snﬁ 4.20 HEAdNITHI1 RMS U84 2 agtgm‘ﬁmﬂmﬂmimuﬂu 2 J15UUN Lﬁ’t’) n==o6

f(t) = 3.2+1.4cost-4.6c0s2t+0.7sint-+0.3sin2t

g(t) = 7.9-2.3cost-5.6c052t+3.1sint+8.3sin2t

n= 6 T = 6.2831853 r=T/(n-1)
t tm =t1 + (m-1)r f(t) f{t)*f(E) a(t) a(t)*q(t)

jul 0.000000 0.000000 0.000000 0.000000 0.000000
2 1.256637 8.196177 67.177319 19.546649 382.071482
3 2.513274 0.772031 0.596031 1.958609 3.836150
5 3.769911 0.519765 0.270156 14.101879 198.862983
t5 5.026548 6.512027 42.406493 3.892863 15.154385
to 6.283185 0.000000 0.000000 0.000000 0.000000
Average 18.408333 Average 99.987500
Calculated RMS 4.290493 Calculated RMS 9.999375
Standard RMS 4.700000 Standard RMS 10.953766
Error 0.409507 Error 0.954391
PPM Error 87129 PPM Error 87129
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M5197 4.21 UAAINITHI RMS ¥04 2 dayanaiiitineinmssuniu 2 a13uedin e n=7

f(t) = 3.2+1.4cost-4.6c052t+0.7sint+0.3sin2t g(t) = 7.9-2.3cost-5.6c052t+3.1sint+8.3sin2t

n= 7 T = 6.2831853 r=T/(n-1)
t tm =1t + (m-1)r ft) fE)*f() g(t) g(t)*g(t)

t1 0.000000 0.000000 0.000000 0.000000 0.000000
t2 1.047198 7.066025 49.928715 19.422690 377.240871
t3 2.094395 5.146410 26.485538 7.346668 53.973529
t4 3.141593 -2.800000 7.840000 4.600000 21.160000
t5 4.188790 4.453590 19.834462 16.353332 267.431471
to 5.235988 5.333975 28.451285 -0.322690 0.104129
t7 6.283185 0.000000 0.000000 0.000000 0.000000
Average 18.934286 Average 102.844286
Calculated RMS 4.351354 Calculated RMS 10.141217
Standard RMS 4.700000 Standard RMS 10.953766
Error 0.348646 Error 0.812549
PPM Error 74180 PPM Error 74180

M5197 4.22 UAAINITNI RMS 104 2 dygnaiiinne1nmssauniu 2 a15uetin o n =10

f(t) = 3.2+1.4cost-4.6c052t+0.7sint+0.3sin2t

g(t) = 7.9-2.3cost-5.6c052t+3.1sint+8.3sin2t

n= 10 T = 6.2831853 r=T/(n-1)
t tm =t1 + (m-1)r f(t) fE*f(D) g(t) a(t)*a(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.698132 4.219074 17.800588 15.332214 235.076784
t3 1.396263 §.557665 73.233630 18.654559 347.992575
t4 2.094395 5.146410 26.485538 7.346668 53.973529
5 2.792527 -1.592796 2.537000 1.496569 2.239720
th 3.490659 -1.685952 2.842434 10.046319 100.928523
t7 4.188790 4.453590 19.834462 16.353332 267.431471
t8 4.886922 6.973722 48.632799 6.871217 47.213618
t9 5.585054 2.728287 7.443550 -5.000878 25.008780
t10 6.283185 0.000000 0.000000 0.000000 0.000000
Average 19.881000 Average 107.986500
Calculated RMS 4.458812 Calculated RMS 10.391655
Standard RMS 4.700000 Standard RMS 10.953766
Error 0.241188 Error 0.562111
PPM Error 51317 PPM Error 51317
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M5197 4.23 1AAINITHI RMS 104 2 daynnaiiiifaeinmssauniu 2 a15uetin 1o n =20

f(t) = 3.2+1.4cost-4.6c052t+0.7sint+0.3sin2t

g(t) = 7.9-2.3cost-5.6c052t+3.1sint+8.3sin2t

n= 20 T = 6.2831853 r=T/(n-1)
t tm=1t1+ (m-1)r f(t) ft)*f(t) g(t) g(t)*g(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.330694 1.305651 1.704725 7.409967 54.907616
t3 0.661388 3.896332 15.181407 14.660340 214.925561
t4 0.992082 6.674275 44.545946 19.087648 364.338318
t5 1.322776 8.410623 70.738585 19.215941 369.252372
to 1.653470 8.209882 68.390943 15.336833 235.218435
t77 1.984164 6.173446 38.111433 9.349065 87.405019
t8 2.314858 2.847702 8.109408 3.929285 15.439279
t9 2.645552 -0.465212 0.216422 1.386835 1.923312
t10 2.976246 -2.513859 6.319486 2.687292 7.221539
t11 3.306940 -2.549472 6.499805 7.056817 49.798663
t12 3.637634 -0.629238 (0.395940 12.332925 152.101034
t13 3.968328 2.415639 5.835314 15.911099 253.163075
t14 4.299022 5.332797 28.438729 15.884287 252.310587
t15 4.629715 6.973420 48.628589 11.890279 141.378734
tl6 4.960409 6.767895 45.804396 5.304932 28.142306
t17 5.291103 4.952778 24.530008 -1.304621 1.702036
t18 5.621797 2.454794 6.026016 -5.239824 27.455750
t19 5.952491 0.482544 0.232849 -4.799100 23.031364
t20 6.283185 0.000000 0.000000 0.000000 0.000000
Average 20.985500 Average 113.985750
Calculated RMS 4.580993 Calculated RMS 10.676411
Standard RMS 4.700000 Standard RMS 10.953766
Errar 0.119007 Error 0.277356
PPM Error 25321 PPM Error 25321
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M5197 4.24 1AAINITNI RMS 104 2 daynnaiiifaenmssauiu 2 a15uetin 1o n =50

f(t) = 3.2+1.4cost-4.6c052t+0.7sint+0.3sin2t

g(t) = 7.9-2.3cost-5.6c052t+3.1sint+8.3sin2t

n= 50 T = 6.2831853 r=T/(n-1)
t tm=1t1 + (m-1)r f(t) ft)*f(t) g(t) g(t)*g(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.128228 0.304560 0.092757 2.703784 7.310448
t3 0.256457 0.870920 0.758502 5.655122 31.980404
t4 0.384685 1.664668 2.771120 8.682828 75.391502
5 0.512913 2.635285 6.944730 11.611878 134.835709
th 0.641141 3.719430 13.834159 14.274480 203.760780
t7 0.769370 4.845075 23.474756 16.520659 272.932179
t8 0.897598 5.936242 35.238974 18.227670 332.247952
9 1.025826 6.918005 47.858799 19.307628 372.784512
t10 1.154054 7.721453 59.620837 19.712870 388.597236
t11 1.282283 8.288272 68.695451 19.438690 377.862667
t12 1.410511 8.574656 73.524726 18.523294 343.112427
t13 1.538739 8.554282 73.175748 17.044966 290.530855
t14 1.666968 8.220158 67.570992 15.116643 228.512892
t15 1.795196 7.585212 57.535440 12.878265 165.849717
ti6 1.923424 6.681600 44.643775 10.487393 109.985421
t17 2.051652 5.558751 30.899711 8.108720 65.751332
t18 2.179881 4.280296 18.320934 5.903159 34.847283
t19 2.308109 2.920066 8.526783 4.017236 16.138186
t20 2.436337 1.557421 2.425562 2.573466 6.622725
t21 2.564565 0.272224 0.074106 1.662349 2.763405
t22 2.692794 -0.860240 0.740013 1.336524 1.786296
t23 2.821022 -1.774038 3.147211 1.607430 2.583831
t24 2.949250 -2.416769 5.840772 2.444728 5.976694
t25 3.077479 -2.752872 7.578302 3.778488 14.276968
t26 3.205707 -2.765844 7.649891 5.504013 30.294160
t27 3.333935 -2.459231 6.047816 7.488977 56.084771
t28 3.462163 -1.856323 3.445936 0.58239%4 01.822272
£29 3.590392 -0.998579 0.997159 11.624847 135.137073
t30 3.718620 0.057123 0.003263 13.459282 181.152285
t31 3.846848 1.242211 1.543088 14.941667 223.253415
t32 3.975076 2.480904 6.154884 15.950806 254.428207
t33 4.103305 3.695136 13.654029 16.396667 268.850674
t34 4.231533 4.809615 23.132398 16.226663 263.304600
t35 4.359761 5.756681 33.139376 15.429481 238.068870
t36 4.487990 6.480643 41.998735 14.036182 197.014414
t37 4.616218 6.941322 48.181952 12.118526 146.858663
t38 4.744446 7.116560 50.645421 9.784585 95.738113
t39 4.872674 7.003537 49.049525 7.171971 51.437164
t40 5.000903 6.618816 43.808724 4.439070 19.705342
t41 5.129131 5.997109 35.965311 1.754897 3.079663
t42 5.257359 5.188846 26.924123 -0.711805 0.506667
t43 5.385587 4.256722 18.119679 -2.803489 7.859548
t44 5.513816 3.271428 10.702242 -4.384044 19.219840
t45 5.642044 2.306874 5.321670 -5.347692 28.597806
t46 5.770272 1.435195 2.059785 -5.625941 31.651209
t47 5.898500 0.721885 0.521118 -5.192158 26.958502
t48 6.026729 0.221373 0.049006 -4.063448 16.511608
t49 6.154957 -0.026661 0.000711 -2.299721 5.288714
t50 6.283185 0.000000 0.000000 0.000000 0.000000
Average 21.648200 Average 117.585300
Calculated RMS 4.652763 Calculated RMS 10.843676
Standard RMS 4.700000 Standard RMS 10.953766
Error 0.047237 Error 0.110091
PPM Error 10051 PPM Error 10051
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f(t)=2.6+1.1cost —2.9cos2t —0.8cos 3t + 0.4sint + 0.7sin 27 —1.1sin 3¢, A1 RMS

e £(7) wmuin'la 4.580503

2(t)=9.0-2.7cost —1.6cos 2t —4.7cos3t —3.1sinz + 8.3sin 27 + 1.1sin 3¢, A1 RMS U049

g()vzmuinla 11.697222

M5197 4.25 UAAINITHI RMS 04 2 dayanaifitineinnissuniu 3 a13uedin e n=4

f(t) = 2.6+1.1cost-2.9cos2t-0.8cos3t+0.4sint+0.75in2t-1. 1sin3t

g(t) = 9.0-2.7cost-1.

beost2t-4.7cos3t-3.1sint+8.3sin2t+1.15in3t

n= 4 T = 6.2831853 r=T/(n-1)
t tm =t1 + (m-1)r f(t) fE*f(t) g(t) g(t)*a(t)

£l 0.000000 0.000000 0.000000 0.000000 0.000000

2 2.094395 2.440192 5.954539 -3.422690 11.714804

3 4.188790 2.959808 8.760461 16.322690 266.430196

t4 6.283185 0.000000 0.000000 0.000000 0.000000

Average 3.678750 Average 69.536250

Calculated RMS 1.918007 Calculated RMS 8.338840

Standard RMS 3.580503 Standard RMS 11.697222

Error 1.662496 Error 3.358382

PPM Error 464319 PPM Error 287109

msnﬁ 4.26 LAAINITHI RMS U942 wﬂgﬂﬁm‘ﬁﬁQMﬂﬂﬁi’mﬁJu 3 %ﬂgllﬁ)f!ﬂ Lﬁf] n=>5
f(t) = 2.6+1.1cost-2.9cos2t-0.8cos3t+0.4sint+0.7sin2t-1. 1sin3t
g(t) = 9.0-2.7cost-1.6cost2t4.7cos3t-3. 1sint+8.3sin2t+1. 1sin3t
n= 5 T = 6.2831853 r=T/(n-1)
t tm = t1 + (m-1)r f(t) RO*fE) g(t) g(t)*a(t)

ul 0.000000 0.000000 0.000000 0.000000 0.000000

2 1.570796 7.000000 49.000000 6.400000 40.960000

3 3.141593 -0.600000 0.360000 14.800000 219.040000

t4 4.712389 4.000000 16.000000 14.800000 219.040000

t5 6.283185 0.000000 0.000000 0.000000 0.000000

Average 13.072000 Average 95.808000

Calculated RMS 3.615522 Calculated RMS 9.788156

Standard RMS 3.580503 Standard RMS 11.697222

Error -0.035019 Error 1.909066

PPM Errar -9781 PPM Error 163207
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M5197 4.27 UAAINITHI RMS 104 2 dayanaiiiiineinmssuniu 3 a1iuedin e n=6

f(t) = 2.6+1.1cost-2.9cos2t-0.8cos3t+0.4sint+0.7sin2t-1.15in3t
g(t) = 9.0-2.7cost-1.6cost2t-4.7c0s3t-3.1sint+8.35in2t+1.1sin3t

n= 6 T = 6.2831853 r=T/(n-1)
t tm =t1 + (m-1)r f{t) f)*f(t) g(t) g(t)*q(t)

t1 0.000000 0.000000 0.000000 0.000000 0.000000
2 1.256637 7.371718 54.342221 14.546240 211.593092
t3 2.013274 -0.910089 0.828226 0.567798 0.322394
t4 3.769911 2.043506 4.175917 17.907280 320.670678
t5 5.026548 4.494846 20.203636 11.978683 143.488836
t6 6.283185 0.000000 0.000000 0.000000 0.000000
Average 13.258333 Average 112.679167
Calculated RMS 3.641199 Calculated RMS 10.615044
Standard RMS 3.580503 Standard RMS 11.697222
Error -0.060697 Error 1.082178
PPM Error -16952 PPM Error 92516

M151971 4.28 UAAINITHT RMS 194 2 dQaaiiiina1nn155unu 3 @13 uedin o n=7

f(t) = 2.6+1.1cost-2.9co52t-0.8cos3t+0.4sint+0.75in2t-1. 1sin3t
g(t) = 9.0-2.7cost-1.6cost2t-4.7cos3t-3. 1sint+8.3sin2t+1.1sin3t

n= 7 T = 6.2831853 r=T/(n-1)
t tm =t + (m-1)r f(t) fE)*f(E) a(t) g(©)*a(t)

t1 0.000000 0.000000 0.000000 0.000000 0.000000
t2 1.047198 6.352628 40.355882 17.653332 311.640134
t3 2.094395 2.440192 5.954539 -3.422690 11.714804
4 3.141593 -0.600000 0.360000 14.800000 219.040000
t5 4.188790 2.959808 8.760461 16.322690 266.430196
th 5.235988 4.447372 19.779118 8.6460668 74.764866
t7 6.283185 0.000000 0.000000 0.000000 0.000000
Average 10.744286 Average 126.227143
Calculated RMS 3.277848 Calculated RMS 11.235085
Standard RMS 3.580503 Standard RMS 11.697222
Error 0.302655 Error 0.462137
PPM Error 84529 PPM Error 39508

4 o { a [ 4 a 4
ﬂ1§1\1‘ﬁ 4.29 LEAAINITYIT RMS U843 2 ﬂJﬂJﬂm‘ﬁ!ﬂ@iﬂﬂﬂﬁi’JNﬂu 3 13UOUN Lﬁf] n=2_8

f(t) = 2.6+1.1cost-2.9cos2t-0.8cos3t+0.4sint+0.7sin2t-1.1sin3t
g(t) = 9.0-2.7cost-1.6cost2t-4.7cos3t-3. 1sint+8.3sin2t+1. 1sin3t

n= 8 T = 6.2831853 r=T/(n-1)

tl tm =t1 + (m-1)r f(t) fE)*f(E) a(t) g(t)*a(t)
t1 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.897598 5.169835 26.727190 18.052661 325.898565
t3 1.795196 5.415512 29.327771 0.628428 0.394922
t4 2.692794 -1.467319 2.153024 4.719060 22.269532
t5 3.590392 1.424980 2.030567 18.242701 332.796134
th 4.487990 3.522978 12.411372 15.595481 243.219022
t7 5.385587 4.134015 17.090076 5.761669 33.196824
t8 6.283185 0.000000 0.000000 0.000000 0.000000
Average 11.217500 Average 119.721875
Calculated RMS 3.349254 Calculated RMS 10.941749
Standard RMS 3.580503 Standard RMS 11.697222
Error 0.231249 Error 0.755473
PPM Error 64586 PPM Error 64586
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M5197 430 UAAINITHI RMS ¥04 2 dayaaiiifaenmssauniu 3 a15ueiin o n=10

f{t) = 2.6+1.1cost-2.9c0s2t-0.8cos3t+0.4sint+0.7sin2t-1.1sin3t

g(t) = 9.0-2.7cost-1

.beost2t-4.7cos3t-3. 1sint+8.3sin2t+1.1sin3t

n= 10 T = 6.2831853 r=T/(n-1)
t tm =t + (m-1)r i9) f(O*f(E) a(t) a(*g(t)

jul 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.698132 3.332922 11.108367 16.137734 260.426447
t3 1.396263 7.502087 56.281305 11.217893 125.841131
4 2.094395 2.440192 5.954539 -3.422690 11.714804
t5 2.792527 -1.520962 2.313325 7.218727 52.110024
th 3.490659 1.010580 1.021273 18.104271 327.764615
t7 4.188790 2.959808 8.760461 16.322690 266.430196
t8 4.886922 4.330156 18.750255 13.551423 183.641063
t9 5.585054 3.345217 11.190474 1.869952 3.496721
t10 6.283185 0.000000 0.000000 0.000000 0.000000
Average 11.538000 Average 123.142500
Calculated RMS 3.396763 Calculated RMS 11.096959
Standard RMS 3.580503 Standard RMS 11.697222
Error 0.183740 Error 0.600263
PPM Error 51317 PPM Error 51317

M35190 431 UA@AINITNI RMS 209 2 dayanaiiifaainmssauniu 3 @15ueiln e n =20

f(t) = 2.6+1.1cost-2.9co52t-0.8c053t+0.4sint+0.7sin2t-1. 153t
g(t) = 9.0-2.7cost-1.6cost2t-4.7cos3t-3. 15int+8.3sin2t+1.15in3t

n= 20 T = 6.2831853 r=T/n-1)
t tm =t1 + (m-1)r fit) f{)*f(t) g(t) g(t)*a(t)

jul 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.330694 0.553279 0.306117 7.625293 58.145087
3 (.661388 2.994418 8.966537 15.513826 240.678791
4 0.992082 5.950503 35.408481 17.988607 323.589995
) 1.322776 7.492553 56.138347 13.063497 170.654949
t6 1.653470 6.522980 42.549268 4.125473 17.019529
7 1.984164 3.574070 12.773975 -2.579688 6.654790
8 2.314858 0.384204 0.147613 -2.624935 6.890282
9 2.645552 -1.379388 1.902711 3.559909 12.672954
t10 2.976246 -1.209282 1.462364 11.601688 134.599161
t11 3.306940 0.160705 0.025826 16.965101 287.814661
t12 3.637634 1.604373 2.574013 18.215261 331.795724
t13 3.968328 2.542112 6.462331 17.128588 293.388535
t14 4.299022 3.157126 9.967443 16.025462 256.815442
t15 4.629715 3.823464 14.618879 15.169248 230.106080
t16 4.960409 4.432114 19.643631 12.791644 163.626165
t17 5.291103 4.360795 19.016532 7.615094 57.989660
t18 5.621797 3.160588 9.989319 1.215199 1.476708
t19 5.952491 1.275387 1.626613 -2.399268 5.756487
£20 6.283185 0.000000 0.000000 0.000000 0.000000
Average 12.179000 Average 129.983750
Calculated RMS 3.489842 Calculated RMS 11.401042
Standard RMS 3.580503 Standard RMS 11.697222
Error 0.090660 Error (0.296180
PPM Error 25321 PPM Error 25321




M5197 432 1AAINITHI RMS 104 2 daynnaiiiifaeinmssauniu 3 a15uetin 1o n =50

f(t) = 2.6+1.1cost-2.9cos2t-0.8cos3t+0.4sint+0.7sin2t-1.15in3t
g(t) = 9.0-2.7cost-1.6cost2t-4.7cos3t-3. 1sint+8.3sin2t+1. 1sin3t

n= 50 T = 6.2831853 r=T/(n-1)
t tm=t1 + (m-1)r f(t) fE)*f(t) a(t) a(t)*q(t)

t1 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.128228 -0.039804 0.001584 2.539694 6.450045
t3 0.256457 0.242234 0.058677 5.669829 32.146964
t4 0.384685 0.843799 0.711997 9.062175 82.123023
t5 0.512913 1.724923 2.975359 12.343264 152.356174
t6 0.641141 2.810713 7.900110 15.139271 229.197515
t7 0.769370 3.998683 15.989466 17.122414 293.177058
t8 0.897598 5.169835 26.727190 18.052661 325.898565
t9 1.025826 6.202149 38.466647 17.809054 317.162390
t10 1.154054 6.984758 48.786838 16.406338 269.167914
til 1.282283 7.430985 55.219544 13.994531 195.846886
t12 1.410511 7.488560 56.078529 10.841375 117.535409
t13 1.538739 7.145677 51.060706 7.299940 53.289126
t14 1.666968 6.432149 41.372546 3.765651 14.180125
t15 1.795196 5.415512 29.327771 0.628428 0.394922
ti6 1.923424 4.192654 17.578344 -1.773736 3.146139
ti7 2.051652 2.878098 8.283449 -3.193725 10.199882
t18 2.179881 1.590515 2.529739 -3.501789 12.262524
t19 2.308109 0.439229 0.192922 -2.696382 7.270474
£20 2.436337 -0.487537 0.237693 -0.898361 0.807052
t21 2.564565 -1.131223 1.279666 1.670182 2.789508
t22 2.692794 -1.467319 2.153024 4.719060 22.269532
t23 2.821022 -1.505191 2.265600 7.930174 62.887654
24 2.949250 -1.283615 1.647668 10.998938 120.976626
t25 3.077479 -0.862844 0.744500 13.671193 186.901517
t26 3.205707 -0.314523 0.098925 15.770640 248.713093
t27 3.333935 0.289009 0.083526 17.213377 296.300331
£28 3.462163 0.884456 0.782263 18.008100 324.291681
t29 3.590392 1.424980 2.030567 18.242701 332.796134
t30 3.718620 1.884326 3.550686 18.059948 326.161723
t31 3.846848 2.257249 5.095171 17.626559 310.695581
t32 3.975076 2.556381 6.535082 17.100792 292.437089
£33 4.103305 2.800273 7.875171 16.603815 275.686675
t34 4.231533 3.035730 9.215658 16.199379 262.419893
35 4.359761 3.269820 10.691723 15.884938 252.331267
t36 4.487990 3.522978 12.411372 15.585481 243.219022
t37 4.616218 3.794399 14.397463 15.219304 231.627204
£38 4.744446 4.066556 16.536879 14.623023 213.832803
£39 4.872674 4.307144 18.551494 13.681624 187.186835
t40 5.000903 4.474200 20.018464 12.308494 151.499034
t41 5.129131 4.523600 20.462958 10.480319 109.837091
t42 5.257359 4.417750 19.516513 8.252436 68.102696
t43 5.385587 4.134015 17.090076 5.761669 33.196824
t44 5.513816 3.671468 13.479676 3.215563 10.339845
t45 5.642044 3.054721 9.331318 0.869039 0.755229
t46 5.770272 2.334019 5.447644 -1.008526 1.017125
t47 5.898500 1.581338 2.500630 -2.171207 4714141
t48 6.026729 0.882807 0.779349 -2.433925 5.923992
t49 6.154957 0.328365 0.107824 -1.703721 2.902666
£50 6.283185 0.000000 0.000000 0.000000 0.000000
Average 12.563600 Average 134.088500
Calculated RMS 3.544517 Calculated RMS 11.579659
Standard RMS 3.580503 Standard RMS 11.697222
Error 0.035986 Error 0.117563
PPM Error 10051 PPM Error 10051
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Q

f(#)=0.7+1.3cost—2.9cos2t+0.9cos3t+3.1cost4t—0.4cos 5t —2.7 cos 6¢
+1.5cos7t—0.5cos8 —0.5¢c0s 97 —0.5c0s10¢+0.4sin7+ 0.7 sin 2¢ —1.1sin 3¢
+1.3sin4¢+2.8sin 5¢ +3.4sin 67+ 2.3sin 7t +2.9sin 8¢ +1.4sin 97 +1.1sin 1 0¢
,MRMS ¥04 £(7) azfuIala 5.990409

g(t)=13.0-11.9cost—0.1cos2¢—0.8cos3¢+0.7cost4t +1.1cos 5t —cos 6¢
+1.5c0s7t+2.3¢c0s88¢—=1.6¢c089¢f—3.2¢cos107+0.1sin¢+0.2sin 27 —1.3sin 3¢
+1.4sin4t+2.5sin5¢+3.6sin6¢+1.2sin7¢ —2.7sin 8 +1.8sin 97 +19.9sin 10¢

, A1 RMS 184 g(¢) aeaunala 21.612381

M151971 4.33 UAAINITHI RMS 09 2 dayaiitneaInn1ssamunu 10 a15uetin 1o n=21

f(t) = as specified
g(t) = as specified

n= 21 T = 6.2831853 r=T/(n1)
t tm =tl + (m-1)r ft) fE)*f(t) a(t) a(t)*g(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.314159 13.322932 177.500514 9.927950 98.564190
t3 (.628319 -8.016743 64.268161 -3.427439 11.747336
4 0.942478 -1.433747 2.055629 5.389217 29.043658
t5 1.256637 2.731342 7.460228 7.938985 63.027480
th 1.570796 12.800000 163.840000 24.800000 615.040000
t7 1.884956 5.512014 30.382298 7.621264 58.083670
8 2.199115 -6.013467 36.161785 23.755868 564.341272
t9 2.513274 -1.974541 3.898814 18.118771 328.289871
t10 2.827433 -2.567514 6.592130 25.651887 658.019329
til 3.141593 -5.600000 31.360000 23.400000 547.560000
t12 3.455752 1.950369 3.803938 26.211065 687.019937
ti13 3.769911 -(.985133 0.970488 27.802396 772.973244
t14 4.084070 -2.745143 7.535812 15.110272 228.320316
t15 4.398230 4.825370 23.284191 15.509733 240.551829
tie 4.712389 6.000000 36.000000 15.800000 249.640000
ti7 5.026548 -0.771667 0.595470 (0.6396848 0.409405
t18 5.340708 -0.810274 0.656544 18.009891 324.356165
t19 5.654867 6.279359 39.430349 0.396441 0.157166
20 5.969026 -8.503155 72.303648 -2.656150 7.055134
t21 6.283185 0.000000 0.000000 0.000000 0.000000
Average 33.719048 Average 34.838796
Calculated RMS 5.806810 Calculated RMS 5.902440
Standard RMS 5.990409 Standard RMS 21.612381
Errar 0.183599 Error 15.709941
PPM Error 30649 PPM Error 726895




M5197 4.34 1AAINITHI RMS 104 2 dayaaiiiinenmssuniu 10 e15ueiin e n=22

f(t) = as specified
g(t) = as specified

n= 22 T = 6.2831853 r=T/(n-1)
t tm =t1 + (m-1)r f(t) fE)*f(t) g(t) g(t)*q(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.299199 14.077206 198.167741 13.158948 173.157910
t3 0.598399 -7.178543 51.531485 -8.905916 79.315339
t4 0.897598 -2.617124 6.849336 13.125699 172.283977
t5 1.196797 1.535865 2.358881 -5.434272 29.531312
th 1.495997 11.096275 123.127326 37.155800 1380.553451
t7 1.795196 9.451293 89.326931 -3.933326 15.471052
t8 2.094395 -3.525833 12.431499 33.972174 1154.108615
t9 2.393594 -4.959458 24.596220 4.543041 20.639224
t10 2.692794 0.000244 0.000000 38.880092 1511.661542
til 2.991993 -6.404894 41.022662 7.700206 59.293165
t12 3.291192 -1.305406 1.704085 41.795807 1746.889519
ti3 3.590392 1.527269 2.332550 9.940899 98.821464
ti4 3.889591 -2.367704 5.606023 42.210020 1781.685819
ti5 4.188790 -1.274167 1.623501 -5.172174 26.751385
tib 4.487990 7.006079 49.085143 34.616900 1198.329735
t17 4.787189 4.113538 16.921193 -3.440023 11.833761
ti8 5.086388 -1.338885 1.792613 14.662736 214.995824
t19 5.385587 0.032239 0.001039 8.869737 78.672230
t20 5.684787 6.164831 38.005139 4.857561 23.595897
t21 5.983986 -9.332826 87.101632 -5.603908 31.403780
t22 6.283185 0.000000 0.000000 0.000000 0.000000
Average 34.253864 Average 445.863409
Calculated RMS 5.852680 Calculated RMS 21.115478
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.137729 Error 0.496903
PPM Error 22992 PPM Error 22992

M5197 4.35 UAAINITHT RMS 104 2 dayaIiiina91nn1s5amuniu 10 815uedin ile n =23

f(t) = as specified
g(t) = as specified

n= 23 T = 6.2831853 r=T/(n-1)
t tm =t + (m-1)r f(t) fE)*f(t) a(t) a(t)*a(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.285599 14.646734 214.526816 15.946641 254.295352
t3 0.571199 -6.033531 36.403498 -13.092354 171.409741
t4 0.856798 -3.916646 15.340116 18.243159 332.812866
t5 1.142397 0.887896 0.788360 -13.045308 170.180061
th 1.427997 8.707928 75.828002 39.515441 1561.470071
t7 1.713596 12.063200 145.520794 -1.955887 3.825495
t8 1.999195 0.186261 0.034693 28.088308 788.953074
t9 2.284795 -6.439637 41.468928 10.756581 115.704038
t10 2.570394 -0.744499 0.554279 27.827562 774.373228
ti1 2.855993 -3.363739 11.314740 21.049643 443.087489
t12 3.141593 -5.600000 31.360000 23.400000 547.560000
t13 3.427192 1.688308 2.850383 30.901563 954.906611
ti4 3.712791 -0.161411 0.026054 18.251790 333.127831
t15 3.998391 -2.970305 8.822710 33.889158 1148.475029
ti6 4.283990 1.222983 1.495687 -6.079087 36.955299
ti7 4.569589 7.765650 60.305313 40.332860 1626.739592
ti8 4.855189 2.351181 5.528051 -14.890216 221.718518
t19 5.140788 -1.662842 2.765043 25.389888 644.646392
t20 5.426387 1.020459 1.041337 0.941537 0.886492
t21 5.711987 5.765001 33.235231 B8.773856 76.980553
t22 5.997586 -10.012990 100.259966 -8.245136 67.982270
t23 6.283185 0.000000 0.000000 0.000000 0.000000
Average 34.324783 Average 446.786522
Calculated RMS 5.858736 Calculated RMS 21.137325
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.131673 Errar 0.475055
PPM Error 21981 PPM Error 21981

45



M35197 4.36 UAAINITHI RMS 194 2 dayanaiiiiineInmssaunu 10 e15ueiin e n= 50

f(t) = as specified
g(t) = as specified

n= 50 T = 6.2831853 r=T/(n-1)
t tm =t + (m-1)r f(t) f(t)*f(t) g(t) a(t)*a(t)

tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.128228 11.897476 141.549943 25.317116 640.956341
t3 0.256457 15.460394 239.023789 21.207009 449.737233
t4 0.384685 8.346325 69.661146 -5.523637 30.510562
t5 0.512913 -2.448183 5.993599 -18.041085 325.480734
th 0.641141 -8.241491 67.922174 -0.920605 0.847513
t7 0.769370 -6.833355 46.694734 19.290973 372.141635
t8 0.897598 -2.617124 65.849336 13.125699 172.283977
t9 1.025826 -0.057415 0.003297 -9.106720 82.932350
ti0 1.154054 0.999534 0.999068 -11.893318 141.451021
ti1 1.282283 3.421163 11.704357 14.368208 206.445412
t12 1.410511 8.029631 64.474973 38.459007 1479.095219
t13 1.538739 12.223232 149.407407 31.014365 961.890826
t1i4 1.666968 12.900882 166.432755 4.742234 22.488784
t15 1.795196 9.451293 89.326931 -3.933326 15.471052
ti6 1.923424 3.688970 13.608501 14.921458 222.649914
ti7 2.051652 -1.993459 3.973879 33.252068 1105.700005
t18 2.179881 -5.710378 32.608419 26.558754 705.367404
t19 2.308109 -6.296236 39.642587 7.997482 63.959715
t20 2.436337 -3.946552 15.575274 7.310376 53.441601
t21 2.564565 -0.851089 0.724352 26.877933 722.423308
t22 2.692794 0.000244 0.000000 38.880092 1511.661542
t23 2.821022 -2.393041 5.726643 26.670969 711.340568
t24 2.949250 -5.722131 32.742785 9.306200 86.605355
t25 3.077479 -6.566975 43.125158 13.436023 180.526723
t26 3.205707 -3.933300 15.470852 33.957664 1153.122978
t27 3.333935 -0.102818 0.010572 41.327423 1707.955860
t28 3.462163 1.990096 3.960481 25.138015 631.919815
t29 3.590392 1.527269 2.332550 9.940899 98.821464
t30 3.718620 -0.247892 0.061451 19.149632 366.708413
t31 3.846848 -1.943133 3.775765 39.201234 1536.736756
t32 3.975076 -2.911018 8.474026 37.563772 1411.036934
£33 4.103305 -2.581441 6.663839 10.573625 111.801548
t34 4.231533 -0.269467 0.072613 -8.135060 66.179206
t35 4.359761 3.633845 13.204826 6.553615 42.949865
t36 4.487990 7.006079 49.085143 34.616900 1198.329735
t37 4.616218 7.582924 57.500735 36.513507 1333.236210
t38 4.744446 5.226852 27.319980 7.224240 52.189639
t39 4.872674 1.929522 3.723056 -16.253969 264.191507
t40 5.000903 -0.452991 0.205201 -4.969633 24.697251
t41 5.129131 -1.608363 2.5866832 23.422392 548.608435
t42 5.257359 -1.665265 2.773108 30.289682 917.464858
t43 5.385587 0.032239 0.001039 8.869737 78.672230
t44 5.513816 3.563108 12.695736 -9.351934 87.458676
t45 5.642044 6.231813 38.835489 -1.444507 2.086602
t46 5.770272 3.916715 15.340659 15.035299 226.060210
t47 5.898500 -3.863181 14.924166 9.918143 98.369552
t48 6.026729 -11.187349 125.156787 -13.544755 183.460377
t49 6.154957 -10.315958 106.418986 -21.913194 480.188083
t50 6.283185 0.000000 0.000000 0.000000 0.000000
Average 35.167300 Average 457.753100
Calculated RMS 5.930202 Calculated RMS 21.395165
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.060207 Error 0.217215
PPM Error 10051 PPM Error 10051
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f()=0.7+1.3cost—2.9co0s2t+0.9cos3¢+3.1cost4t—0.4cos5¢—2.7 cos 6¢

,MRMS ved £(7) vmuinld 5.990409

+1.5cos7t—0.5c0s8 —0.5¢c0s97 —0.5c0s107 +0.4sin¢+0.7sin 2¢ —1.1sin 3¢
+1.3sin4¢+2.8sin5¢+3.4sin 67 +2.3sin107 +2.9sin117+1.4sin137 +1.1sin15¢

g(t)=0.7+1.2cost—2.9cos2¢t+1.0cos 3t +2.3cost4t —0.4cos5¢ —1.9 cos 6¢

,MRMS 03 £(7) demuanla 5.882601

+2.5c087t—0.5c0s8/—1.0c0s9¢—1.0cos107 +0.4sin¢+0.7sin2¢ —1.1s1in 3¢
+1.3sin47+2.8sin10¢ +3.4sinl1 17+ 2.3sin127+2.9sin137 +1.4sin14¢+1.1sin15¢

4 o { a @ 4 a y
ﬂﬁ"lﬂ‘ﬁ 4.37 UaANNITNI RMS 494 2 mapmﬁm@mnmamuﬂu 15 315UDUN Lﬁ@ n=731

t tm =tl + (m-1)r f(t) f{t)*f(t) a(t) a(t)*g(t)
jul 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.209440 12.766228 162.976567 10.369470 107.525905
3 0.418879 1.398493 1.955782 -8.774383 76.989799
4 0.628319 0.787707 0.620482 6.191655 38.336589
t5 0.837758 -5.892097 34.716804 -1.689803 2.855433
th 1.047198 -6.688973 44.742356 -0.318653 0.101540
t7 1.256637 6.350657 40.330840 1.156013 1.336366
t8 1.466077 13.305458 177.035208 6.385486 40.774429
t9 1.675516 9.592106 92.008489 9.623234 92.606629
t10 1.884956 5.722174 32.743279 9.104519 82.892263
til 2.094395 -3.2606025 10.666922 -0.154552 0.023886
t12 2.303835 -7.375518 54.398265 -6.944260 48.222752
t13 2.513274 1.313780 1.726019 -1.649213 2.719902
t14 2.722714 -3.446913 11.881207 -1.974917 3.900297
t15 2.932153 -4.408298 19.433093 -4.974110 24.741767
tib 3.141593 -5.600000 31.360000 -6.600000 43.560000
t17 3.351032 -0.627836 0.394178 -0.622454 0.387449
t18 3.560472 4.958695 24.588657 4127702 17.037921
t19 3.769911 -4.273455 18.262419 -0.659804 0.435342
t20 3.979351 -1.880098 3.534767 -0.974336 0.949331
t21 4.188790 -1.533975 2.353078 -3.445448 11.871114
t22 4.398230 4.615209 21.300156 2.383523 5.681180
t23 4.607669 10.845559 117.626148 10.788318 116.387806
t24 4.817109 0.130476 0.017024 2.564361 6.575946
t25 5.026548 -4.390982 19.280722 -2.346996 5.508390
£26 5.235988 5.088973 25.897644 3.318653 11.013460
t27 5.445427 2.866738 8.218186 2.446352 5.984636
t28 5.654867 -2.525091 6.376082 -10.579696 111.929969
t29 5.864306 2.525336 6.377320 10.802846 116.701480
£30 6.073746 -9.358328 87.578304 -6.553504 42.948419
t31 6.283185 0.000000 0.000000 0.000000 0.000000
Average 34.141935 Average 32.903226
Calculated RMS 5.843110 Calculated RMS 5.736133
Standard RMS 5.990409 Standard RMS 5.882601
Error 0.147299 Error 0.146468
PPM Error 24589 PPM Error 24899
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M5197 4.38 UAAINITHI RMS 194 2 dayanaiiiinenmssaunu 15 erueiin e n=32

t tm=1tl + (m-1)r f(t) fE)*f(t) g(t) g(t)*a(t)
jul 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.202683 13.015449 169.401909 11.148141 124.281048
t3 0.405367 1.711142 2.928008 -9.077588 82.40259%
t4 0.608050 1.078426 1.163002 5.624497 31.634969
t5 0.810734 -5.076965 25.775571 -0.669533 0.448274
th 1.013417 -7.409143 54.895402 -0.904515 0.818147
t7 1.216100 3.165641 10.021280 0.700598 0.490837
t8 1.418784 13.562141 183.931671 5.219752 27.245814
t9 1.621467 10.190396 103.844165 8.896748 79.152130
t10 1.824151 7.628685 58.196835 10.250228 105.067171
t11 2.026834 -0.389907 0.152027 3.258204 10.615891
t12 2.229517 -7.363617 54.222849 -5.745040 33.005487
t13 2.432201 -2.345394 5.500873 -4.552118 20721777
t14 2.634884 0.753270 0.567416 -0.153417 0.023537
t15 2.837568 -6.269649 39.308502 -4.517138 20.404537
t16 3.040251 -3.171518 10.058526 -5.443711 29.633989
7 3.242934 -6.331073 40.082482 -5.642219 31.834636
18 3.445618 5.295566 28.043016 3.788568 14.353250
£19 3.648301 0.069755 0.004866 1.593204 2.538298
£20 3.850985 -3.693043 13.6385606 -0.602185 0.362627
21 4.053068 -1.889201 3.569080 -2.083167 4.339580
122 4.256351 -0.200953 0.040382 -2.767191 7.657349
£23 4.459035 7.064342 49.904924 5.600396 31.364438
24 4.001718 9.984387 99.687981 10.233930 104.733328
t25 4.864402 -3.083424 9.507506 0.170435 0.029048
t26 5.067085 -2.487338 6.186852 -1.755089 3.080337
27 5.268768 5.616059 31.540114 4.444112 19.750132
t28 5.472452 1.904513 3.627171 0.404827 (0.163885
£29 5.675135 -2.338026 5.466365 -9.832608 96.680170
£30 5.877819 2.461778 6.060349 11.581377 134.128291
t31 6.080502 -9.752298 95.107309 -7.469499 55.793422
t32 6.283185 0.000000 0.000000 0.000000 0.000000
Average 34.763594 Average 33.523594
Calculated RMS 5.896066 Calculated RMS 5.789956
Standard RMS 5.990409 Standard RMS 5.882601
Error 0.094343 Error 0.092645
PPM Error 15749 PPM Error 15749
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M5197 439 UAAINITHI RMS 104 2 dayanaiiiiinenmssaunu 15 a1ueiin e n=33

t tm=1t1 + (m-1)r f(t) ft)*f(t) g(t) g(t)*a(t)
jul 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.196350 13.214087 174.612090 11.827421 139.887881
3 0.392699 2.089611 4.366470 -9.120868 83.190228
4 (0.589049 1.241490 1.541296 4.722149 22.298694
t5 0.785398 -4.219239 17.801976 (.565685 0.320000
th 0.981748 -7.728910 59.736045 -1.543303 2.381783
t7 1.178097 0.222683 0.049588 0.502032 0.252036
t8 1.374447 12.875871 165.788062 3.971598 15.773591
t9 1.570796 11.100000 123.210000 8.200000 67.240000
£t10 1.767146 8.727474 76.168800 10.455367 109.314708
i1 1.963495 2.449575 6.000420 6.268252 39.290981
t12 2.159845 -5.670148 32.150573 -3.225414 10.403293
t13 2.356194 -5.964823 35.579116 -6.604163 43.614970
t14 2.552544 2.099166 4.406498 -0.607269 0.368776
t15 2.748894 -4.605278 21.208583 -2.688306 7.226990
ti6 2.945243 -4.074960 16.605352 -4.982744 24.827736
17 3.141593 -2.600000 31.360000 -6.600000 43.560000
t18 3.337942 -1.565872 2.451955 -1.349896 1.822220
t19 3.534292 5.880237 34.577188 4.571120 20.895140
£20 3.730641 -3.610728 13.037355 -0.302986 0.091800
t21 3.926991 -2.380761 5.668024 -0.565685 0.320000
t22 4.123340 -2.008296 4.033252 -3.106710 9.651646
t23 4.319690 1.698637 2.885369 -1.051779 1.106239
24 4.516039 9.180005 84.272491 8.418252 70.866960
25 4.712389 7.700000 59.290000 8.400000 70.560000
t26 4.908739 -5.130609 26.323151 -1.445172 2.088521
t27 5.105088 -0.419424 0.175916 -0.918504 0.843650
t28 5.301438 5.748217 33.041998 5.283205 27.912258
£29 5.497787 0.964823 0.930884 -1.795837 3.225030
£30 5.694137 -2.007040 4.028209 -8.630438 74.484404
31 5.890486 2.283957 5.216461 12.038054 144.914735
32 6.086836 -10.089741 101.802874 -8.284061 68.625667
t33 6.283185 0.000000 0.000000 0.000000 0.000000
Average 34.797576 Average 33.556304
Calculated RMS 5.898947 Calculated RMS 5.792785
Standard RMS 5.990409 Standard RMS 5.882601
Error 0.091462 Error 0.089816
PPM Error 15268 PPM Error 15268




M3197 4.40 LAAINITHI RMS

50

Y94 2 FyanaiinannMIsaunu 15 15uetin 1o n =50

t tm =t1 + (m-1)r f{t) fE)*f(E) g(t) g(t)*q(t)
ti 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.128228 12.778247 163.283592 15.017899 225.537293
t3 0.256457 10.198315 104.005633 3.918006 15.350773
t4 0.384685 2.372804 5.630200 -9.022618 81.407628
t5 0.512913 1.101238 1.212725 -1.604614 2.574787
th 0.641141 0.541541 0.293267 6.337109 40.158948
t7 0.769370 -3.642941 13.271022 1.441984 2.079316
t8 0.897598 -7.221486 52.149858 -2.619676 6.862703
t9 1.025826 -7.192704 51.734991 -0.672111 0.451733
t10 1.154054 -1.496162 2.238500 0.437387 0.191307
ti1 1.282283 8.234685 67.810032 1.602151 2.566887
t12 1.410511 13.509717 182.512454 4.994625 24.946282
t13 1.538739 11.820520 139.724684 7.728990 59.737280
t14 1.666968 0.667294 93.456577 9.511424 90.467196
t15 1.795196 8.268074 68.361047 10.450027 109.203067
ti6 1.923424 4.194235 17.591606 7.881350 62.115677
ti7 2.051652 -1.476794 2.180921 2.004066 4.016282
t18 2.179881 -6.277009 39.400844 -4.053066 16.427347
t19 2.308109 -7.304737 53.359189 -6.954535 48.365564
t20 2.436337 -2.127394 4.525805 -4.405238 19.406121
t21 2.564565 2.155535 4.646330 -0.384058 0.147501
t22 2.692794 -1.950998 3.806392 -1.192932 1.423087
t23 2.821022 -6.267825 39.285632 -4.285487 18.365400
t24 2.949250 -3.977883 15.823554 -4.986080 24.860996
t25 3.077479 -3.804867 14.477013 -5.883716 34.618110
t26 3.205707 -6.695408 44.828491 -6.443150 41.514188
27 3.333935 -1.847066 3.411654 -1.571157 2.468536
28 3.462163 5.864880 34.396821 4.227732 17.873718
t29 3.590392 3.478510 12.100034 3.369649 11.354534
t30 3.718620 -3.254516 10.591872 -0.119994 0.014398
t31 3.846848 -3.762291 14.154833 -0.615497 0.378837
t32 3.975076 -1.902517 3.619569 -0.926271 0.857979
£33 4.103305 -2.014810 4.059461 -2.857175 8.163450
t34 4.231533 -0.786132 0.618004 -3.151807 0.933887
t35 4.359761 3.128580 9.788012 0.546881 0.299079
t36 4.487990 8.189298 67.064595 7.100408 50.415800
t37 4.616218 10.816512 116.996924 10.805026 116.748586
t38 4.744446 5.629564 31.691996 6.757607 45.665254
t39 4.872674 -3.550564 12.606503 -0.183327 0.033609
t40 5.000903 -5.266513 27.736155 -2.523092 6.365993
tH 5.129131 0.887333 0.787359 -0.272403 0.074203
t42 5.257359 5.470024 29.921158 4.049253 16.396448
t43 5.385587 4.636602 21.498075 5.292524 28.010808
t44 5.513816 0.372694 0.138901 -3.261319 10.636199
t45 5.642044 -2.551219 6.508719 -10.761666 115.813454
t46 5.770272 0.367294 0.134905 -0.062056 0.003851
t47 5.898500 2.110340 4.453536 12.182935 148.423915
t48 6.026729 -5.925270 35.108829 0.592451 0.350998
t49 6.154957 -11.196728 125.366726 -13.136438 172.565991
t50 6.283185 0.000000 0.000000 0.000000 0.000000
Average 35.167300 Average 33.912900
Calculated RMS 5.930202 Calculated RMS 5.823478
Standard RMS 5.990409 Standard RMS 5.882601
Error 0.060207 Error 0.059123
PPM Error 10051 PPM Error 10051
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f()=0.7+1.3cost—2.9cos2t+0.9cos3t+3.1cost4t—0.4cos5t—2.7 cos 6¢
+1.5c0817t—0.5c0s18—0.5¢c0s197 —0.5c0s 207 +0.4sin ¢+ 0.7 sin 27 —1.1sin 3¢
+1.3sin4¢+2.8sin15¢+3.4sin16¢+2.3sin17¢+2.9sin18¢+1.4sin197 +1.1sin 20¢

,MRMS 104 £(7) dzmuialane 5.990409

g(t)=13.0-11.9cost—0.1cos2f—0.8cos3¢+0.7 cost4t +1.1cos 5¢ — cos 6¢
+1.5c0s17t+2.3cos18 —1.6c0s197—-3.2¢c0s20f+0.1sin¢+0.2sin2¢ —1.3sin 3¢
+1.4sin4¢+2.5sin5¢+3.6sin6f+1.2sin17¢—2.7sin18¢ +1.8sin197 +19.9sin 20¢

1 o YA
, AT RMS 484 g(t)i]%mu’amllﬂﬂﬁl 21.612381
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M15197 4.41 LAAINITNI RMS 09 2 daaiitneaInn1ss iU 20 a15uotin 1o n=41

t tm = t1 + (m-1)r f(t) fO*f(E) q(t) a(t)*q(t)
tl 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.157080 7.480111 55.952057 7.433715 55.260118
3 0.314159 -7.736850 59.858854 6.089341 37.080079
4 0.471239 14.556744 211.898790 8.162054 66.619125
5 0.628319 -8.016743 64.268161 -3.427439 11.747336
t 0.785398 3.821320 14.602489 2.470354 6.102647
t7 0.942478 -5.171598 26.745429 -5.684740 32.316274
t8 1.099557 -1.909481 3.646116 12.515943 156.648833
0 1.256637 2.731342 7.460228 7.938985 63.027480
t10 1413717 8.887043 78.979530 24.897848 619.902845
til 1.570796 9.000000 81.000000 12.600000 158.760000
ti2 1.727876 11.645035 135.606830 21.842368 477.089052
13 1.884956 5.512014 30.382298 7.621264 58.083670
ti4 2.042035 -1.048378 1.099096 20.252267 410.154319
t15 2.199115 0.168967 0.028550 11.878665 141.102686
tl6 2.356194 -7.338478 53.853254 27.539697 758.434909
t7 2.513274 -1.974541 3.898814 18.118771 328.289871
18 2.670354 -3.793697 14.392140 27.949226 781.159245
9 2.827433 -5.499218 30.241394 18.025248 324.909579
t20 2.984513 -2.190778 4.799507 24.397454 595.235752
t21 3.141593 -5.600000 31.360000 23.400000 547.560000
22 3.298672 -0.053213 0.002832 26.283903 690.843563
23 3.455752 -0.360560 0.130004 31.040711 963.525725
24 3.612832 3.006540 0.039285 23.728862 563.058877
25 3.769911 -0.985133 0.970488 27.802396 772.973244
26 3.926991 -0.421320 0.177511 16.329646 266.657353
27 4.084070 -3.427634 11.748674 20.812683 433.167782
28 4.241150 -3.035770 9.215898 15.887568 252.414829
29 4.398230 4.825370 23.284191 15.509733 240.551829
£30 4.555309 2.967715 8.807334 17.009456 289.321595
£31 4.712389 9.800000 96.040000 6.000000 36.000000
32 4.869469 6.810241 46.379389 14.796859 218.947025
£33 5.026548 -0.771667 0.595470 0.639848 0.409405
t34 5.183628 2.333146 5.443568 17.117486 293.008335
35 5.340708 -5.336298 28.476078 3.972727 15.782560
36 5.497787 -3.661522 13.406746 15.660303 245.245091
t37 5.654867 6.279359 39.430349 0.396441 0.157166
£38 5.811946 -8.172726 66.793444 2.256098 5.089979
39 5.969026 10.563192 111.581017 -6.734635 45.355315
t40 6.126106 -5.882532 34.604186 -2.531108 6.406507
41 6.283185 0.000000 0.000000 0.000000 0.000000
Average 34.541463 Average 267.521951
Calculated RMS 5.877199 Calculated RMS 16.356098
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.113210 Error 5.256282
PPM Error 18899 PPM Error 243207
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t tm=tl + (m-1)r f(t) fE)*f(L) g(t) g(t)*a(t)
tl 0.000000 0.000000 (0.000000 0.000000 0.000000
t2 0.153248 8.245077 67.981289 8.950241 80.106809
t3 0.306497 -8.792817 77.313632 2.789019 7.778626
t4 0.459745 14.953467 223.606167 13.503826 182.353313
t5 0.612994 -6.993031 48.902488 -9.590816 91.983761
th 0.766242 2.505715 6.278610 10.578372 111.901953
t7 0.919491 -3.293446 10.846787 -15.490575 239.957922
t8 1.072739 -3.652190 13.338491 21.255340 451.789463
t9 1.225987 2.233581 4.988885 -4.205686 17.687794
t10 1.379236 7.542953 56.896144 35.682030 1273.207236
ti1 1.532484 9.329654 87.042435 1.065226 1.134706
t12 1.685733 10.826012 117.202537 35.042212 1227.956632
t13 1.838981 8.707542 75.821281 -4.616100 21.308379
t14 1.992229 -0.531022 (0.281985 32.440836 1052.407826
t15 2.145478 0.500456 0.250456 -2.221459 4.934881
t16 2.298726 -4.640926 21.538191 38.684955 1496.525759
t17 2.451975 -5.754015 33.108693 5.643688 31.851219
t18 2.605223 -0.376442 0.141709 40.111961 1608.969427
t19 2.758472 -7.476085 55.891852 6.817962 46.484608
£20 2.911720 -1.535408 2.357477 36.272148 1315.668693
t21 3.064968 -5.587697 31.222355 8.703624 75.753070
£22 3.218217 -2.184542 4.772223 40.091421 1607.322057
t23 3.371465 -0.643102 0.413580 12.838409 164.824755
£24 3.524714 1.723213 2.969464 45.257216 2048.215587
£25 3.677962 1.515180 2.295769 7.165071 51.338245
t26 3.831211 -1.136902 1.292545 42.938855 1843.745303
t27 3.984459 -0.909448 0.827095 -2.939854 8.642739
£28 4.137707 -4.496432 20.217904 40.173615 1613.919361
£29 4.290956 -0.491953 0.242017 -5.001887 25.018878
£30 4.444204 5.220735 27.256077 35.917274 1290.050587
21 4.597453 3.275966 10.731954 -4.001359 16.010871
t32 4.750701 11.514436 132.582227 23.943450 573.288791
£33 4.903950 3.771340 14.223005 -2.081417 4.332296
t34 5.057198 -0.000300 0.000000 14.975303 224.259688
t35 5.210446 1.673204 2.799612 5.818213 33.851600
£36 5.363695 -6.403809 41.008774 13.306260 177.056550
t37 5.516943 -1.910377 3.649539 7.954683 63.276980
£38 5.670192 5.509652 30.356260 5.429806 29.482794
£39 5.823440 -8.229790 67.729439 -2.304514 5.310786
t40 5.976688 11.343018 128.664048 -3.971113 15.769735
t41 6.129937 -6.651466 44.242003 -3.926235 15.415320
t42 6.283185 0.000000 0.000000 0.000000 0.000000
Average 35.030595 Average 455.973690
Calculated RMS 5.918665 Calculated RMS 21.353540
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.071744 Error 0.258840
PPM Error 11976 PPM Error 11976
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Y94 2 FyaNaiinaNMITINnu 20 154e1in 1o n =43

t tm=1t1 + (m1)r fit) fE)*f(t) a(t) g(t)*qg(t)
jul 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.149600 8.946424 80.03849% 10.373882 107.617424
t3 0.299199 -9.623018 92.602473 -0.244022 0.059547
4 0.448799 14.893260 221.809196 18.193136 330.990209
th (0.598399 -5.431756 29.503978 -14.562103 212.054847
te 0.747998 0.729578 0.532284 16.712091 279.293981
t7 0.897598 -1.171395 1.372167 -22.009659 484.425076
t8 1.047198 -5.244486 27.504637 25.585829 654.634662
t9 1.196797 1.820414 3.313908 -10.278617 105.649973
t10 1.346397 5.984640 35.815922 38.415567 1475.755821
t11 1.495997 9.727164 94.617726 -0.893876 0.799015
t12 1.645596 9.797040 95.981984 36.288996 1316.891202
t13 1.795196 10.885277 118.489265 -2.542507 6.464342
ti4 1.944795 1.467037 2.152197 28.585395 817.124790
t15 2.094395 -0.321539 0.103387 2.496479 6.232409
tl6 2.243995 -1.498112 2.244339 29.096245 846.591464
t7 2.393594 -7.740311 59.912408 15.127534 228.842297
t18 2.543194 -0.570307 0.325250 28.292678 800.475644
t19 2.692794 -5.194598 26.983848 20.530721 421.510485
£20 2.842393 -4.684639 21.945843 22.537840 507.954217
t21 2.991993 -2.483578 6.168160 22.244480 494.816890
£22 3.141593 -5.600000 31.360000 23.400000 547.560000
£23 3.291192 -0.096228 0.009260 28.442114 808.953832
t24 3.440792 -0.636652 0.405326 26.129570 682.754442
t25 3.590392 3.054548 9.330262 32.085634 1029.487932
£26 3.739991 -0.406330 0.165104 16.950518 287.320068
t27 3.889591 -0.598567 0.358282 32.538931 1058.782014
£28 4.039191 -2.183600 4.768109 2.183025 4.765596
£29 4.188790 -4.478461 20.056613 38.003521 1444.267591
£30 4.338390 2.295847 5.270913 -7.482431 55.986780
t3H 4.487990 4.442564 19.736371 41.402668 1714.180936
£32 4.637589 4.918716 24.193771 -13.865543 192.253290
t33 4.787189 11.702666 136.952382 34.141698 1165.655532
t34 4.936788 1.271319 1.616253 -13.695112 187.556088
t35 5.086388 0.984323 0.968891 26.218881 687.429726
t36 5.235988 0.644486 0.415363 -3.685829 13.585338
t37 5.385587 -7.116396 50.643087 21.533143 463.676229
£38 5.535187 -0.096721 0.009355 0.832080 0.692336
£39 5.684787 4.403622 19.391888 10.101052 102.031242
t40 5.834386 -7.967508 63.481181 -6.592861 43.465821
4 5.9839860 11.935269 142.450645 -1.336071 1.785085
t42 6.133586 -7.359992 54.169477 -5.255074 27.615806
t43 6.283185 0.000000 0.000000 0.000000 0.000000
Average 35.050465 Average 456.232326
Calculated RMS 5.920343 Calculated RMS 21.359596
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.070066 Error 0.252785
PPM Error 11696 PPM Error 11696




M15197 4.44 LAAINITNT RMS ¥04 2 dayaaiiiiine1nnssauniu 20 a15ueiin e n= 50

t tm =t1 + (m-1)r fit) f{E)*f() g(t) g(©*a(t)
tl 0.000000 0.000000 0.000000 0.000000 0.000000
t2 0.128228 12.373927 153.114062 17.899114 320.378299
t3 0.256457 -10.513599 110.535763 -12.819619 164.342634
t4 0.384685 6.672838 44.526773 29.114951 847.680380
t5 0.512913 9.706091 94.208207 -10.704288 114.581787
te 0.641141 -8.368086 70.024857 2.046082 4.186453
t7 0.769370 2.763274 7.635681 9.344437 87.318501
t8 0.897598 -1.171395 1.372167 -22.009659 484.425076
t9 1.025826 -6.295160 39.629040 25.123207 631.175544
ti0 1.154054 0.790357 0.624665 -6.585641 43.370672
ti1 1.282283 3.365383 11.325800 19.825349 393.044449
t12 1.410511 8.783307 77.146488 26.121311 682.322897
t13 1.538739 9.257311 85.697800 2.405791 5.787830
t1i4 1.666968 10.335541 106.823410 37.225131 1385.710367
t15 1.795196 10.885277 118.489265 -2.542507 6.464342
ti6 1.923424 2.783212 7.746268 22.137001 490.046804
ti7 2.051652 -0.984667 0.969568 16.796398 282.118969
t18 2.179881 0.489452 0.239563 5.093685 25.945629
t19 2.308109 -5.186373 26.898463 38.227353 1461.330488
t20 2.436337 -6.554593 42.962686 6.146932 37.784777
t21 2.564565 -0.042538 0.001809 34.585880 1196.183064
t22 2.692794 -5.194598 26.983848 20.530721 421.510485
t23 2.821022 -5.827298 33.957406 16.165102 261.310514
t24 2.949250 -1.300836 1.692174 33.106105 1096.014188
t25 3.077479 -5.915354 34.991413 9.105741 82.914525
t26 3.205707 -2.778931 7.722458 39.188532 1535.741077
t27 3.333935 -0.195712 0.038303 17.042774 290.456152
t28 3.462163 -0.213307 0.045500 33.121808 1097.054150
t29 3.590392 3.054548 9.330262 32.085634 1029.487932
£30 3.718620 0.188268 0.035445 10.837976 117.461723
t31 3.846848 -1.011517 1.023166 42.743951 1827.045372
32 3.975076 -0.761034 0.579173 -1.211101 1.466766
£33 4.103305 -3.898614 15.199193 29.325473 859.983365
t34 4.231533 -3.409734 11.626287 20.671140 427.296047
t35 4.359761 3.407442 11.610658 -1.761617 3.103295
t36 4.487990 4.442564 19.736371 41.402668 1714.180936
t37 4.616218 3.887216 15.110450 -10.387124 107.892336
£38 4.744446 11.327072 128.302554 21.289050 453.223652
t39 4.872674 6.528145 42.616681 13.214695 174.628172
t40 5.000903 -0.952725 0.907684 -9.729250 94.658313
t41 5.129131 2.193990 4.813590 31.504428 992.528981
t42 5.257359 -0.450723 0.203151 -8.873110 78.732074
t43 5.385587 -7.116396 50.643087 21.533143 463.676229
t44 5.513816 -2.210164 4.884824 9.224723 85.095521
t45 5.642044 6.593189 43.470140 -3.530243 12.462618
t46 5.770272 -5.479431 30.024159 15.856679 251.434284
t47 5.898500 -0.772756 0.597152 -21.429131 459.207639
t48 6.026729 11.976824 143.444311 11.182852 125.056171
t49 6.154957 -10.899689 118.803224 -12.642528 159.833521
t50 6.283185 0.000000 0.000000 0.000000 0.000000
Average 35.167300 Average 457.753100
Calculated RMS 5.930202 Calculated RMS 21.395165
Standard RMS 5.990409 Standard RMS 21.612381
Error 0.060207 Error 0.217215
PPM Error 10051 PPM Error 10051
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19199 4.45 (1A PPM Error 148 1991109996206 190000190 U

Frequency Multiplier Sampling Size PPM Error 160000
1 n=4 133975
n=5 105573 PPM Error
2 n=6 87129
n=7 74180
3 n=8 64586 140000
n=9 57191
4 n=10 51317 ’I
n=11 46537 w‘
5 n=12 42573 |
n=13 39231 120000 ||
6 n=14 36376 |
n=15 33908 \
7 n=16 31754 \
n=17 29857 ®
8 n=18 28175 \
n=19 26671 100000
] n=20 25321
n=21 24100 \
10 n=22 22992 ®
n=23 21981 \
11 n=24 21055 80000 1
n=25 20204 \
12 n=26 19419 .\
n=27 18693 \
13 n=28 18019 .
n=29 17393 \
14 n=30 16808 S0e
n=31 16261
15 n=32 15749
n=33 15268
16 n=34 14816 \
n=35 14389 40000
17 n=36 13987
n=37 13606
18 n=38 13246 °.
n=39 12904 he 9
0 n=40 12579 2 ..‘.'_.
n=41 12270
20 n=42 11976 ““”‘“'m“
n=43 11696 9000000 e
21 n=44 11429
n=45 11174
2 n=16 10929 LR e — —— - . e W -
n=47 10695 n=4 n=6 n=8 n=10n=12 n=14 n=16 n=18 n=20 n=22 n=24 n=26 n=28 n=30 n=32 n=34 n=36 n=38 n=40 n=42 n=44 n=46 n=48 n=50
23 n=48 10471 sampling Si
n=49 10257 pling Size (n)
24 n=50 10051
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4.9 wavesnNuAAIAMasNIlSELINEUNUAT RMS 3105511
~ A o w Jd o . d‘ 9
INATIT NN 4.46 Llﬁﬂ\iﬂlmﬁNUﬁWﬁU?ﬂﬂ’]ﬁ\?ﬁﬂ\ﬂl@\?ﬁ\?ﬂ%u f(t) =sint LiJ’e‘)Glﬁmlum

o 1 4 X A = = Yo 1
6U?J\WI’)EJEJ'I\‘i!fl/‘lll"ll‘LlUl’ﬂl,‘if]‘(’J”] NN n=4, °]f\1i]$!ﬂlﬂu1u§ﬂ"ll@\1N'ﬁﬂ’lﬂllﬂﬂﬂu

n—1 . _
Zsinz(zl—ﬁl) = sin2(2—7[1) +sin’ (3—”) +sin’ (4—7[1) +..+sin’ (@) +sin*(27)
i=l n-— n-—

d' A o w % . A 9 @ 1
M1 4.46 HAAINUAVITANAVINMAIT0IVOININTY £ (1) =sins o lFv1AveIdI0E1d

s e 1 9n n=4

= iz e .
Sampling Size (n) Z Sin‘( ) Average of Z Sin”( ) RMS Error PPM Error
i=1 H— ]. i=1 H— 1
4 1.500000 0.375000 0.612372 0.094734 133975
5 2.000000 0.400000 0.632456 0.074651 105573
6 2.500000 0.416667 0.645497 0.061610 87129
7 3.000000 0.428571 0.654654 0.052453 74180
8 3.500000 0.437500 0.661438 0.045669 64586
9 4.000000 0.444444 0.666667 0.040440 57191
10 4.500000 0.450000 0.670820 0.036286 51317
11 5.000000 0.454545 0.674200 0.032907 46537
12 5.500000 (0.458333 (.677003 0.030104 42573
13 6.000000 0.461538 0.679366 0.027741 39231
14 6.500000 0.464286 01.681385 0.025722 36376
15 7.000000 0.466667 (1.683130 0.023977 33908
16 7.500000 0.468750 0.684653 0.022454 31754
17 8.000000 0.470588 0.685994 0.021112 29857
18 8.500000 0.472222 0.687184 0.019923 28175
19 9.000000 0.473684 0.688247 0.018860 26671
20 9.500000 0.475000 0.689202 0.017904 25321
21 10.000000 0.476190 0.690066 0.017041 24100
22 10.500000 0.477273 0.690849 0.016258 22992
23 11.000000 0.478261 0.691564 0.015543 21981
24 11.500000 0.479167 0.692219 0.014888 21055
25 12.000000 (.480000 0.692820 0.014286 20204
26 12.500000 0.480769 (.693375 0.013732 19419
27 13.000000 0.481481 (1.693889 0.013218 18693
28 13.500000 0.482143 0.694365 0.012742 18019
29 14.000000 0.482759 0.694808 0.012298 17393
30 14.500000 0.483333 0.695222 0.011885 16808
31 15.000000 0.483871 0.695608 0.011498 16261
32 15.500000 00.484375 0.695971 0.011136 15749
33 16.000000 0.484848 0.696311 0.010796 15268
34 16.500000 0.485294 0.696631 0.010476 14816
35 17.000000 0.485714 0.696932 0.010175 14389
36 17.500000 0.486111 0.697217 0.009890 13987
37 18.000000 0.486486 0.697486 0.009621 13606
38 18.500000 0.486842 0.697741 0.009366 13246
39 19.000000 0.487179 0.697982 0.009124 12904
40 19.500000 0.487500 0.698212 0.008895 12579
4 20.000000 0.487805 0.698430 0.008676 12270
42 20.500000 0.488095 0.698638 0.008469 11976
43 21.000000 0.488372 0.698836 0.008271 11696
44 21.500000 0.488636 0.699025 0.008081 11429
45 22.000000 0.488889 0.699206 0.007901 11174
46 22.500000 0.489130 0.699379 0.007728 10929
47 23.000000 0.489362 0.699544 0.007563 10695
48 23.500000 0.489583 0.699702 0.007404 10471
49 24.000000 0.489796 0.699854 0.007253 10257
50 24.500000 0.490000 0.700000 0.007107 10051
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911M1IUNA8Y PPM Error (PYMANUFURUTU0S n Femamsuaznuilugas laasil
1
P=(1—.|1-—)x1000000 4.1)
n

iio1hgas PPM Error 1 18 lnfSeuifoudumaii 189 nmsnaass vz Idiiludensiedi 4.46
PPM Error = [Standard RMS — Calculated RMS] x 1,000,000/(Standard RMS)

° Y
Myiualv

P fle PPM Error 34 P=(1— |1 —l)x 1000000
n

S ﬁf] Standard RMS

C A9 Calculated RMS

NN
P="5,1,000,000 (4.2)
udrevagUaums il
S=Cx |—— (4.3)
b A

~Aq Y

Ed H
AMNMNITINAADIUU LT1VTWUIN ﬂﬁlaﬂﬂﬂW n ﬁl“l’iiﬂ%ﬁiﬂ%ﬁ@\‘li]ﬁﬂﬂﬂﬁ@ﬁmﬁﬂmﬂ i

o 9

(%

) 4 A A ~ 2 o Y A 1§ @ a A 9
ﬂ’]u')ua’lillf]uﬂﬂl]’]ﬂﬂq@ﬂﬂﬂ’liﬁ n = 2k+2 Iﬂﬂ“l’l 199 m@,mﬂlmmmmiuﬁummﬁmm1m

O 9

U

4.10 ngasmssnnanlsaulagliisve Inentinusuisoug
IMINARDINIHIA RMS 494 f(t) 1INHANITNAABI0IMT T 4.43 Fuilumsudag
MINIRMS 84 Fayanafiiaenmasantu 20 msuedn Taefidendae1al n - 42 (3o
n=43 %uagjﬁ’ummmmxﬁmméﬁa&iwﬁ%@mﬁﬁ%%) T3t myauInniinusativ
Hi3eudeusumsld
1. ﬂ;]imﬁdﬂma (Midpoint Rule)
2. ﬂgézﬁﬁﬂuﬂnw (Trapezoid Rule)

@ Ia I o .
3. vannuNFuLldu (Simpson’s Rule)
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4 f (o)

fW A
7
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i VY V

/rn\\ /"n\\
it T
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4 do A Iy a
iﬂﬁ 4.2 I,Lﬁﬂ\‘]ﬂ‘iﬂ'\l"llf)\‘lﬁ\‘lﬂ"]fu ﬁﬁ%}Nlﬂiﬂﬂ 20 Eﬂihﬂm

Y

f()=0.7+13cost—2.9c0s2t+0.9cos3t+3.1costdt —0.4cos5t—2.7 cos 6t

+1.5¢0817¢t—0.5¢c08182—0.5¢c08197—-0.5c0s20f +0.4sint+0.7sin2¢ —1.1sin 3¢
+1.3sin4r+2.8sin15¢+3.4sin16¢+2.3sin17¢+2.9sin18¢ +1.4sin197+1.1sin 20z

A 1 do A 1 LM 0 o v Jdo w A o
Luf]ﬁiﬂﬂ“lfl'i'lﬂﬂ'lﬂﬂﬂ6111!‘1/1LL‘LlLlf]11!fl]\1‘1/]1ﬂ1iiﬂTLl’JleWWﬂ%WHﬁﬂ'lﬂﬂﬁl@]!W@ﬂWu’Jmﬁ'l

RMS 181311171 4/35.885 = 5.990409

axl o
5N

1.

l¥ng9anena1s (Midpoint Rule)
awn ldazn 1dnnginswl 4.8 Ao 27 = 6.2831853 $aumvsemaNzauAe n
v H Vv
= 43 NMUZWAIMINZNUMNADINTNINUUIZIAONAIBEIWINTIN L = 0 D9
t= 27 = 6.2831853 1iasuIaN Calculated RMS
b g \
DA ALHALNAITY (Trapezoid Rule)
amunldvzmIdanging 4.8 e 27 = 62831853 TwanmI0dNAHNIZANAD n
[ 1 v
= 42 MEZWOMMNZAUMNADINTINIUIZIDBNAIDEINIINGII t =0 D3 t =
27 = 6.2831853 1iNofuImI1 Calculated RMS
[ J [
nannaenauild (Simpson’s Rule)
v ldazm 1dnngingvl 4.8 Ao 27 = 6.2831853 $udiedimizduie n
= 43 Moz IimIaeAnIng e t=0 D9t = 27 = 6.2831853 lanod
ad A % | .
I5N13100NAIDYN (Sampling)

muﬁ"lﬁ’%zm”lﬁ'mﬂgﬂﬂﬂw 4.8 A0 277 = 6.2831853 T1WIUMAIBINIMINZANAD

= o Y 2 [ Y A
n=42 VI%&VI'IGI,WLWENW?Jﬂ‘UﬂﬁGlGUﬁﬁNﬂ’J”I‘JJﬂﬁ']ﬂLﬂﬁ’E]u
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AN 4. 47 UAAINITATUIUYIT RMS U4 f(t) Iﬂﬂi%jﬁﬂaﬂﬂﬂﬂﬂa'm (Midpoint Rule)

n= 43 T = 6.2831853 r=T/{n1)
t tm=1tl+ (m-1)r f{t) flE)*f(t) Mid Paint Strip of f{t)*f(t)
t1 0.000000 0.000000 0.000000
2 0.149600 8.946424 80.03849% 23.947462
t3 0.299199 -9.623018 02.602473
t4 0.448799 14.893260 221.80919% 06.3651506
th 0.598399 -5.431756 29.503978
to 0.747998 0.729578 0.532284 0.159259
t7 0.897598 -1.171395 1.372167
t8 1.047198 -5.244486 27.504637 8.229368
t9 1.196797 1.820414 3.313908
t10 1.346397 5.984640 35.815922 10.716099
t11 1.495997 9.727164 94.617720
t12 1.64559% 9.797040 05.981984 28.717743
t13 1.795196 10.885277 118.489265
t14 1.944795 1.467037 2.152197 0.643936
t15 2.094395 -0.321539 0.103387
tib 2.243995 -1.498112 2.244339 0.671505
t17 2.393594 -7.740311 59.912408
t18 2.543194 -0.570307 0.325250 0.097314
t19 2.692794 -5.194598 26.983848
£20 2.842393 -4.684639 21.945843 0.5066181
t21 2.991993 -2.483578 £.168160
t22 3.141593 -5.600000 31.360000 9.382890
t23 3.291192 -1.096228 0.009260
t24 3.440792 -1.636652 0.405320 0.121273
t25 3.590392 3.054548 9.330262
t26 3.739991 -0.406330 0.165104 0.049399
t27 3.889591 -0.598567 0.358282
t28 4.039191 -2.183600 4.768109 1.426615
t29 4.188790 -4.478461 20.056613
£30 4.338390 2.295847 5.270913 1.577053
t31 4.487390 4.442564 19.736371
t32 4.637589 4.918716 24.193771 7.238759
£33 4.787189 11.702666 136.952382
t34 4.936788 1.271319 1.616253 0.483582
t35 5.086388 0.984323 0.968891
t36 5.235988 0.644486 0.415363 0.124276
t37 5.385587 -7.116396 50.643087
£38 5.535187 -0.096721 0.009355 0.002799
£39 5.684787 4.403622 19.391888
t40 5.834386 -7.967508 63.481181 18.993525
t41 5.983986 11.935269 142.450645
t42 6.133586 -7.359992 54.169477 16.207470
t43 6.283185 0.000000 0.000000
sum 201.721664
Average 32.105000
Calculated RMS 5.666127
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M1 4. 48 LAAINMIAIUINNT RMS Vo4 (1) Tag 143D ngmmaenn1any (Trapezoid Rule)

n= 42 T = 6.2831853 r=T/(n-1)
t tm=tl + (m-1)r f{t) ft)*f(t) Trapezoid Area

jul 0.000000 0.000000 0.000000 0.000000
t2 0.153248 8.245077 67.981289 5.209013
t3 0.306497 -8.792817 77.313632 11.133109
t4 0.459745 14.953467 223.606167 23.057742
t5 0.612994 -6.993031 48.902488 20.880761
th 0.766242 2.505715 6.278610 4.228208
t7 0.919491 -3.293446 10.846787 1.312220
t8 1.072739 -3.652190 13.338491 1.853178
t9 1.225987 2.233581 4.988885 1.404321
ti0 1.379236 7.542953 56.896144 4.741891
t11 1.532484 9.329654 87.042435 11.029180
t12 1.685733 10.826012 117.202537 15.650110
13 1.838981 8.707542 75.821281 14.790298
t14 1.992229 -0.531022 0.281985 5.831353
t15 2.145478 0.500456 0.250456 0.040798
tlb 2.298726 -4.640926 21.538191 1.669538
7 2.451975 -5.754015 33.108693 4.187274
t1g 2.605223 -0.376442 0.141709 2.547786
t19 2.758472 -7.476085 55.891852 4.293527
20 2.911720 -1.535408 2.357477 4.463309
21 3.064968 -5.587697 31.222355 2.573028
t22 3.218217 -2.184542 4.772223 2.758056
23 3.371465 0.643102 0.413580 0.397358
t24 3.524714 1.723213 2.969464 0.259223
£25 3.677962 1.515180 2.295769 0.403444
t26 3.831211 -1.136902 1.292545 0.274952
27 3.984459 -0.909448 0.827095 0.162416
t28 4.137707 -4.496432 20.217904 1.612556
t29 4.290956 -0.491953 0.242017 1.567725
£30 4444204 5.220735 27.256077 2.107020
31 4.597453 3.2759%606 10.731954 2.910803
32 4.750701 11.514436 132.582227 10.981336
£33 4.903950 3.771340 14.223005 11.248835
34 5.057198 -0.000300 0.000000 1.089827
£35 5.210446 1.673204 2.799612 0.214518
t36 5.363695 -6.403809 41.008774 3.356783
t37 5.516943 -1.910377 3.649539 3.421908
t38 5.670192 5.509652 30.356260 2.605668
£39 5.823440 -8.229790 67.729439 7.515739
40 5.976688 11.343018 128.664048 15.0484%
41 6.129937 -6.651466 44.242003 13.248790
42 6.283185 0.000000 0.000000 3.390009
Sum 225.472105
Average 35.885000
Calculated RMS 5.990409
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M3199 4. 49 UFAAINTAIUIUNT RMS Vo4 (1) Tae it naninaaisuidu (Simpson’s Rule)

n= 43 T = 6.2831853 r=T/(n-1)
t tm=1t1 + (m-1)r f{t) fE)*f(t) Simpson's Area
£l 0.000000 0.000000 0.000000
2 0.149600 8.946424 80.038496
3 0.299199 -9.623018 02.602473 20.582741
t4 0.448799 14.893260 221.809196
t5 0.598399 -5.431756 29.503978 50.332465
te 0.747998 0.729578 0.532284
t7 0.897598 -1.171395 1.372167 1.645859
] 1.047198 -5.244486 27.504637
t9 1.196797 1.820414 3.313908 5.719924
ti0 1.346397 5.984640 35.815922
t11 1.495997 9.727164 94.617726 12.027578
t12 1.645596 9.797040 05.981984
t13 1.795196 10.885277 118.489265 29.772072
ti4 1.944795 1.467037 2.152197
ti5 2.094395 -0.321539 0.103387 6.343097
tie 2.243995 -1.498112 2.244339
ti7 2.393594 -7.740311 59.912408 3.440451
tig 2.543194 -0.570307 0.325250
t19 2.692794 -5.194598 26.983848 4.398093
t20 2.842393 -4.684639 21.945843
21 2.991993 -2.483578 6.168160 6.030630
t22 3.141593 -5.600000 31.360000
t23 3.291192 -0.096228 0.009260 6.563307
t24 3.440792 -0.636652 0.405326
@25 3.590392 3.054548 9.330262 0.546579
t26 3.739991 -0.406330 0.165104
t27 3.889591 -0.598567 0.358282 0.516067
t28 4.039191 -2.183600 4.768109
t29 4.188790 -4.478461 20.056613 1.969097
30 4.338390 2.295847 5.270913
t31 4.487990 4.442564 19.736371 3.035708
t32 4.637589 4.918716 24.193771
£33 4.787189 11.702666 136.952382 12.639367
t34 4.936788 1.271319 1.616253
t35 5.086388 0.984323 0.968891 7.200046
t36 5.235988 0.644486 0.415363
t37 5.385587 -7.116396 50.643087 2.656562
t38 5.535187 -0.096721 0.009355
t39 5.684787 4.403622 19.391888 3.494269
t40 5.83438b -7.967508 63.481181
t41 5.98398b 11.935269 142.450645 20.732879
t42 6.133586 -7.359992 54.169477
t43 6.283185 0.000000 0.000000 17.908502
Sum 217.555291
Average 34.625000
Calculated RMS 5.884301
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M3197 4. 50 LAAIMIAUIUTI RMS 104 (1) Taal¥Ismsiaend19e19 (Sampling Method)

n= 42 T = 6.2831853 r=T/{n-1)
t tm =11 + (m-1)r f(t) ft)*f(t)

jul 0.000000 0.000000 0.000000
t2 0.153248 8.245077 67.981289
t3 0.306497 -8.792817 77.313632
t4 0.459745 14.953467 223.606167
t5 0.612994 -6.993031 48.902488
th 0.766242 2.505715 6.278610
t7 0.919491 -3.293446 10.846787
t8 1.072739 -3.652190 13.338491
t9 1.225987 2.233581 4.988885
t10 1.379236 7.542953 56.896144
t11 1.532484 9.329654 87.042435
t12 1.685733 10.826012 117.202537
t13 1.838981 8.707542 75.821281
ti4 1.992229 -0.531022 0.281985
t15 2.145478 0.500456 0.250456
tl6 2.298726 -4.640926 21.538191
ti7 2.451975 -5.754015 33.108693
t18 2.605223 -0.376442 0.141709
t19 2.758472 -7.476085 55.891852
£20 2.911720 -1.535408 2.357477
21 3.064968 -5.587697 31.222355
t22 3.218217 -2.184542 4.772223
£23 3.371465 -0.643102 0.413580
24 3.524714 1.723213 2.969464
t25 3.677962 1.515180 2.295769
t26 3.831211 -1.136902 1.292545
27 3.984459 -0.909448 0.827095
t28 4.137707 -4.496432 20.217904
29 4.290956 -0.491953 0.242017
t30 4.444704 5.220735 27.256077
31 4.597453 3.275966 10.731954
£32 4.750701 11.514436 132.582227
£33 4.903950 3.771340 14.223005
t34 5.057198 -0.000300 0.000000
£35 5.210446 1.673204 2.799612
t36 5.363695 -6.403809 41.008774
37 5.516943 -1.910377 3.649539
t38 5.670192 5.509652 30.356260
£39 5.823440 -8.229790 67.729439
t40 5.976688 11.343018 128.664048
tH 6.129937 -6.651466 44.242003
t42 6.283185 0.000000 0.000000
Average 35.030595
Square Root Average 5.918665
Calculated RMS 5.990409
Error 0.071744
PPM Error 11976

d‘ 1 o = U 1 ady
19190 4. 51 LAAIAT PPM Error NIAIUIUYT RMS VD4 f(t) 5N UNUUDUAAZIT

Method n Calculated RMS PPM Error
Midpoint 43 5.666127 54133
Trapezoid 42 5.990409 0

Simpson 43 5.884301 17713
Sampling 42 5.990409 0
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Abstract

This paper proposes a technique of sampling method to calculate root mean square (RMS) of periodic
functions with error analysis. This proposed method will be quite useful for computational technique which is
done by running a sequential time domain with exact resolutions to generate discrete values of periodic
functions. Error analysis from arbitrary data collecting of sinusoidal functions will be standardized to apply for
any function. In the end, the errors from this method have been shown that they will be approached to the result
computed from the calculus integration technique when the number of sampling has been increased. From the

experiment, we can find the formula of error analysis to calculate correct RMS by using low sampling size.

Keywords: Root mean square, periodic function, sampling method

1. Introduction

Root mean square (RMS) has been widely used in power electric systems for many years, it has been
mentioned to be equivalent to direct current signal. RMS has been used as the representative for alternative
current signal, which fluctuates with time domain. This paper proposes a technique of sampling method to
calculate root mean square (RMS) of a periodic function with error estimation formula, it will be better than
complicate calculus integration technique which is never mentioned about error estimation formula. The
interesting point from the paper is the discovery of error estimation formula for sinusoidal function which can
be the basic of all periodic functions when the Fourier’s series analysis is applied to distribute the periodic

functions.
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v/vO v/vO = sin{wt)

RMS +0.707107 // \

0.500

0000

-0.500

-1.000

Fig. 1. The figure shows us that RMS equals 0.707107.

Generally calculus integration technique is a familiar technique to calculate RMS value of any

periodic function according to equation (1) as definition of RMS[1].

(6))
or
T+T
—— AL

RMS® =— [ f>(t)dt )

T 7

1

where RMS is the root mean square value of function f(t) and T is its period.
(t)
n T 7 T 4T

Fig. 2. A periodic function f(t) has a period of T. The root mean square value will be calculated between T, and
T, +T.

Refer to the definition of expected value or mean of function, it can be shown as following.

1 TL+T

()= [ 1@t @)

Therefore, the expected value of [’ : (1) is
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T+T

(ro)== [0 @

From relation (2), RMS 2 can be rewritten as
RMS® =(f*(1)). )

From relations of Eq. (3) and (5), expected values of some sinusoidal functions can calculated (with the same

period of T') as shown in Table 1.

Table 1. RMS values of sinusoidal functions have to be 4/0.50 (= 0.707107) exactly.

1) <fft)> <f(t)xf{t)> = RMS < RMS Remark
sin(wt) " 0.000000 " 0.500000  0.707107 -
cos(wt) 0.000000 0.500000 0.707107 -

cos(at)sin(bt) 0.000000 0.250000 0.500000 -
sin(at)sin(bt) 0.000000 0.250000 0.500000 a#z b
cos(at)cos(bt) n.um 0.250000 0.500000 a# b

Sometime, calculated periodic functions are too complicate to use integration techniques such as

sinusoidal functions multiplied by polynomial or exponential terms, or unintegraTable functions, which they

will not be convenient to be integrated. Then the sampling method with easy root mean square technique will be

another option to do.

2. Methodology

Normally, the purposed sampling method is a systematic sampling[3] to collect data from generating

of periodic functions, then the easy mean square of all such generated data will be used to calculate

RMS in the next step. The Fig. 2 shows the flowchart of the procedure to calculate RMS by using

these methods.
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| start )

¥
1. Specify accepteable 2. Calculate time |nt§wal
.| from data of sampling
error and calculate g _ .
. : size to generate time
collectable sampling size. :
domain.
¥
4. Calculate square f{t) of | 3. Create a table to
each data. contain data.
¥
5. Average all squared - 6. Square root the
data. averaged result.
k 4
End

Fig. 3. The flowchart of the procedure of RMS calculation

From our methods, the experiment will introduce some formulas to get acceptable errors, especially

for sinusoidal functions, which are fundamental functions to comprise any periodic function.

First, sinusoidal functions are primitive functions to comprise any periodic functions according to
Fourier’series concept, f(t) = sin(t) was chosen to be the 1" function in our experiment to study RMS
calculation.

Then, in the case of the periodic functions, which are not sinusoidal forms, the Fourier’series concept
can be used to generate sinusoidal harmonic terms according to following formula and each term can be

analyzed to calculate exact value of RMS[2].

JO=a,+Y(q, cos—2-1;£+bk it Ef‘Tﬁ) ©
k=1

3. Results and Discussion
The experimental results of sampling size n =4 and n = 10 are shown in Table 2 and 3, respectively.
However, regarding to the experiments has been conducted in many times until we have found the relation of
the error versus sampling size. Figure 4 shows the variation of sampling size only for n = 4. The results of error

values for sampling size n=4 to n=50 are plot as shown in Fig. 5.



73

t f(t) = sin(t)

12.0943951,0.8660254)

162831853, 000000)

4.1887902, 0.RE6025:

n =4, Resolution (r) = 2rn/3 = 2.094395

Fig. 4. Data were collected from f(t) = sin(t)

Calculated RMS : (Average)o'5

PPM Error : (Standard RMS — Calculated RMS) x 1000000 / Standard RMS

Table 2. When the sampling size (n) =4, period(T) = 6.2831853, resolution of time (r) = T/(n-1) = 1.0471976

, 4 values of t will provide 4 values of f(t) to calculate RMS.

n=4 f(t) = sin(t) T = 6.2831853 r=T/(n-1)

t tm=t1 + (m-1)r sin(t) sin*(t)
tl 0.000000 0.000000 0.000000
2 2.094395 0.866025 0.750000
t3 4.188790) -0.866025 0.750000
4 6.283185| 0.000000| 0.000000
Average 0.375000
Calculated RMS 0.612372
Standard RMS 0.707107
Error 0.094734
PPM Error 133975

Table 3. When the sampling size (n) = 10, period(T) = 6.2831853, resolution of time (r) = T/(n-1) = 0.6983132,

10 values of t will provide 10 values of f(t) to calculate RMS.

n=10 f(t) = sin(t) T = 6.2831853 r=T/(n-1)
t tm =t + (m-1)r sin(t) sin*(k)

tl 0.000000 0.000000, 0.000000
t2 0.698132 0.642788 0.413176
3 1.396263 0.984808 0.969846
t 2.094395 0.866025 0.750000
t5 2.792527 0.342020 0.116978
th 3.490659 -0.342020 0.116978
7 4.188790 -0.866025 0.750000
8 4.886922 -0.984808 0.969846
t9 5.585054 -0.642788 0.413176
tio 6.283185 0.000000 0.000000
Average 0.450000
Calculated RMS 0.670820
Standard RMS 0.707107
Error 0.036286

PPM Error 51317
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Error (PPM)

140000

120000 X

100000

80000

60000

40000

20000

o T T — T T T T T — T -y T T— T T T T T
n=4 n=6 p=8 n=10n=12 n=14 n=16 n=18 n=20 n=22 n=24 n=26 n=28 n=30 n=32 n=34 n=36 n=38 n=40 n=42 n=44 n=46 n=48 n=50

Sampling Size (n)

Fig. 5. The graph of error versus sampling size (n) of a sinusoidal function.

4. Conclusion
From the number of experiments, this method can be an option to calculate root mean square. In

addition, the error from this method for sinusoidal function has been related to sampling size (n) according to

the following equation.

(M

After the error formula had been found, exact value of RMS could be written as
RMS =RMS__ + Error ()

RMS_ is RMS from sampling method.

stat

For further application of this error formula, we can use it for general periodic functions which be

summarized from orthogonal terms of Fourier’series.
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