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sin α1 = y1/A of y1 = A sin α1

sin α2 = y2/A of y2 = A sin α2
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y1 = A sin (360°. t1/T)
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y = A sin (360°.ft)
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y = A sin (2πft)    in    y = A sin (ωt) 
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y = de momentane uitwijking 

A = de maximale uitwijking of amplitude 

T = de periodetijd 

 f = de frequentie 

ω = 2πf = de cirkelfrequentie
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u = uitwijking   A=amplitude   T=periodetijd
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;#)'&?''G&##$&0C&<'"%&/:E8)/:C&8'&?0";204A&8004&8'&'2'$<:56/))/#$8&?##/9

W$&G7>>#(+ANC&@:E$&/<''&):$7)204A:?'&/4:"":$?'$&#;?'1''"8&A'/&4')C'5/:'2'":E%&''$&
;#)'&2#$&,&'$&''$&;#)'&2#$&8=G#39



H<<?90,7-!"!i!b*=7/9

#'

F24%%7,-3G=,R12"+)S!>4**!0/.701<56/8*!,5/==/.8*.!6*,!1*50Q3/==*.9*!?5*U7*.,/*!12.!
5*0K*Q,/*1*=/J-!$$E$!*.!&B!H](
F24%%7,-3GK,R70<#*)S!>4**!0/.701<56/8*!,5/==/.8*.!6*,!9*]*=?9*!26K=/,79*!*.!?5*U7*.,/*E!
6225!6*,!**.!?20*1*50Q3/=!12.!"k%!>E!<?!2.9*50!8*]*89!12.!RBm!<?!nk#!529/2=*.(

0 10 20 30 40U
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Periode 1
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ijk
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g

Faseverdeling in T(sec.)

Fase T

Fase  1/4T

0         1/4T           1/2T           3/4 T           T 5/4T

O:/&6'/&102'$)/##$8'&1":E%/&8#/&1:E&''$&/:E8)/:C&2#$&8=G#3&''$&60'%&2#$&>,t&6004/9&
U:E&)C4'%'$&8#$&2#$&''$&;#)'60'%&2#$&>,t&120$(04"$#9$228(+A+;9&Q4&1')/##/&''$&
;#)'2'4)56:"&2#$&K7@&/7))'$&/4:"":$?&=&'$&+9&S'&<:)%7$8:?'&2004)/'"":$?&2#$&''$&
):$7)&A'/&''$&;#)'60'%&:)T

u = A sin(2πft + φ)  waarbij φ de fasehoek is

S'&;#)'&:)&02'4&6'/&#"?'A''$&$:'/&2#$&1'"#$?&1:E&1')5607<:$?&2#$&''$&'$%'"'&):D
$7)204A:?'&/4:"":$?9&(:E&)#A'$)/'"":$?'$&'$&1:E&2'4?'":E%'$&2#$&A''48'4'&):$7)D
204A:?'&/4:"":$?'$&)C''"/&8'&;#)'&<'"&''$&40"9

!"*07J0TT$,-3-,I,F=)0@07)<#21

A.!(24%%7,?!]/*.!4*!,4**!,5/==/.8*.!
9/*!9*]*=?9*!?5*U7*.,/*!*.!
26K=/,79*!3*++*.(!)*!,5/==/.8*.!
]/J.!*Q3,*5!./*,!/.!?20*(!>5/==/.8!
#!=<<K,!V,!0*Q<.9*.!1<<5!<K!
,5/==/.8!"(!



b*=7/90,5/==/.8*.

#:

)*!?<567=*!1<<5!,5/==/.8!"!/0\!

u1 = sin(2πft)

Y<<5!,5/==/.8!#!8*=9,!9*!?<567=*\

u2 = sin 2πf (t + Δt)

;=0!,!D!B!92.!/0\!7"!D!B!*.!7#!4<59,\

u2 = sin(2πfΔt)

)/,!/0!9*!7/,4/J-/.8!9/*!,5/==/.8!"!K20!3**j!<K!,/J90,/K!V*(
)*!?<567=*!1<<5!,5/==/.8!#!4<59,!<<-!4*=!8*0Q35*1*.!2=0\

u = sin(2πft + φ) ! ! 92.!8*=9,\! ! ! φ = 2πfΔt = 2π(Δt/T)

φ!/0!9*!3<*-!/.!529/2=*.(!φ!3**,!3*,!?20*1*50Q3/=!,700*.!9*!,5/==/.8*.(!

,-9-=+ K$#+1$('"0+5&/+$$/+*#$85<%4

F24%%7,-3L!>5/==*.9*!0,*61<5-!
6*,!**.!4**5821*!12.!9*!
=7Q3,957-125/2,/*0!2=0!?7.Q,/*!12.!
9*!2?0,2.9!,<,!9*!,5/==/.80+5<.(

]0#")&:$&8'&204:?'&C#4#?4##;&:)&<''4?'?'2'$&?''G&''$&)/'A204%&''$&):$7)204A:?'&
/4:"":$?9&W$8:'$&''$&)/'A204%&<048/&##$?')"#?'$&@7""'$&8'&/4:""'$8'&1'$'$&2#$&
8'&)/'A204%&8'&0A?'2'$8'&"756/A0"'57"'$&:$&''$&/4:""'$8'&1'<'?:$?&14'$?'$&
<##48004&C'4:08:'%'&"756/2'48:56/:$?'$&'$&"756/2'487$$:$?'$&0$/)/##$9&
S'@'&"756/2'48:56/:$?'$&'$&"756/2'487$$:$?'$&@:E$&:$&;':/'&%"':$'&"756/847%2#4:D
#/:')&8:'&@:56&2004/C"#$/'$9&W$&G7>>#(+AO&:)&''$&/4:""'$8'&)/'A204%&<''4?'?'2'$9&
`'/&2'4"00C&2#$&8'&"756/847%2#4:#/:')&:)&4'56/)&2#$&8'&)/'A204%&##$?'?'2'$9&
S'&):$7)204A:?'&5742'&?''G&$7&6'/&2'4"00C&2#$&8'&"756/847%&##$&#")&;7$5/:'&
2#$&8'&#;)/#$8&/0/&8'&/4:"":$?)140$&0C&''$&1'C##"8&/:E8)/:C9&`'/&:)&1'%'$8&8#/&8'&



H<<?90,7-!"!i!b*=7/9

#@

2004/C"#$/:$?))$'"6':8&2#$&''$&?'"7:8)/4:"":$?&:$&"756/&[g,&A\)&1'84##?/9&3")&u&
8'&?0"i'$?/'&:$&A'/'4)&:)B&8#$&<048/&6'/&##$/#"&/4:"":$?'$&C'4&)'50$8'B&8'&;4'D
r7'$/:'&&B&1'C##"8&8004T

S'&C'4:08'/:E8&1'84##?/T

O:/&+8,&'$&+9,&20"?/T

 

Q4&:)&87)&''$&<:)%7$8:?'&4'"#/:'&/7))'$&C'4:08'/:E8B&;4'r7'$/:'B&)$'"6':8&'$&?0";D
"'$?/'9

,-9-L+ M&#''%(")4$C+1$0$8J#$+$/+1$07</1$/+#%"(("/1$/-+I$*</&/#"$
W$&/6#67#66B(+A)A)&:)&''$&84:'/#"&20041''"8'$&?'?'2'$&2#$&)V)/'A'$&8:'&''$&):D
$7)204A:?'&/4:"":$?&%7$$'$&0C<'%%'$T&''$&2''4B&''$&)/'A204%&'$&''$&)":$?'49&
3")&''$&8'4?'":E%&)V)/''A&:$&1'<'?:$?&<048/&?'@'/B&/4:"/&6'/&):$7)204A:?&M6#4D
A0$:)56N&:$&@:E$&#16((&+'4."$8&"N("#6'":&

F24%%7,-3-8
=, X*.!,5/==*.9!1**50[0,**6!]<.9*5!45/JO

1/.8(!

K, X*.!,5/==*.9!1**50[0,**6!6*,!45/J1/.8(

<, X*.!9<<5!F,22.8*95*1*.!1**5(



b*=7/90,5/==/.8*.

#R

W$&G7>>#(+A+*&@:E$&8'&84:'&2''4)V)/'A'$&?'/'%'$89&3")&1:E&D&6'/&10""'/E'&A'/&8'&
A#))##L&''$&':$8E'&$##4&1'$'8'$&<048/&?'/40%%'$&/4'%/&8'&2''4&/'47?&A'/&''$&
%4#56/&M9&S'@'&%4#56/&:)&'2'$4'8:?&A'/&8'&7:/4'%%:$?&>+"#=6"D6-"#12"B&2#$&8'&
2''49&U:)%7$8:?&%#$&8:/&7:/?'847%/&<048'$&:$&8'&;04A7"'T

F = k.u

`:'4:$&:)&N&8'&2''450$)/#$/'B&8:'&?400/&:)&#")&8'&2''4&)/7?&:)&M''$&?40/'&)/:E;6':8&
6''GN&'$&%"':$&:)&#")&8'&2''4&)"#C&:)9&W$&6'/&/6'04'/:)56'&?'2#"&8#/&6'/&A#))#10"D
"'/E'&'$&8'&2''4&6'"'A##"&?''$&<4:E2:$?&0$8'42:$8'$&@#"&8'&/4:"":$?&6#4A0$:)56&
'$&50$/:$7&@:E$9&S'&/4:"":$?&:)&8#$&-#="*"2I69

S'&?4#I'%&2#$&8'&7:/<:E%:$?&$&#")&;7$5/:'&2#$&8'&/:E8&<048/&?'?'2'$&8004&8'&;04D
A7"'T&

u(t) = A sin 2πfot  of  u(t) = A sin ωot

`:'4:$&:)&&/&8'&$#/774":E%'&;4'r7'$/:'&2#$&8'&/4:"":$?9&S'&5:4%'";4'r7'$/:'&O/&:)&
?'":E%&##$&9C&/9&S'&#AC":/78'&<048/&?'?'2'$&8004#49&S'&;4'r7'$/:'&0;&5:4%'";4'D
r7'$/:'&%#$&<048'$&1'4'%'$8&#")#N&'$#L&1'%'$8&@:E$&A'/&8'&;04A7"'T

`0'&)/7??'4&8'&2''4&M''$&?40/'&N1<##48'N&60'&60?'4&8'&;4'r7'$/:'&2#$&8'&$#/774D
":E%'&/4:"":$?n&60'&?40/'4&8'&<##48'&2#$&8'&A#))#&L&60'&"#?'4&8'&;4'r7'$/:'9&W$&8'&
C4#%/:E%&:)&'4&#"/:E8&<4:E2:$?&##$<'@:?B&<##48004&8'&$#/774":E%'&/4:"":$?&@#"&7:/802'$9&
W$&8'&G7>>#(+A+*C&@:'$&<'&8#/&8'&<4:E2:$?&<048/&?')VA10":)''48&8004&MP&v&Q:R#8'&
<4:E2:$?)%4#56/&0C&6'/&10""'/E'&:$&8'&2"0':)/0;9&S'&%4#56/&MP&:)&'2'$4'8:?&A'/&8'&
)$'"6':8&R&2#$&6'/&10""'/E'9&S'&'2'$4'8:?6':8)50$)/#$/'&Q&:)&''$&A##/&2004&8'&
<4:E2:$?&M<''4)/#$8N9&`'/&2'4"00C&2#$&8'&?'8'AC/'&$#/774":E%'&/4:"":$?&:)&<''4D
?'?'2'$&:$&G7>>#(+A++A
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Exponentiële  afname

F24%%7,-3--,X*.!8*9*6K,*!
.2,775=/J-*!,5/==/.8!2=0!?7.Q,/*!12.!
9*!,/J9(

S'&#AC":/78'&4&2#$&8'&/4:"":$?&$''A/&'oC0$'$/:''"&#;9&S'&;04A7"'&2004&8'@'&#;D
$#A'&M8'&)/:CC'"":E$N&"7:8/T

`:'4:$&:)&47&8'&1'?:$#AC":/78'&M2004&/&v&,N9&3")&Q#?400/&:)&'$\0;&L#%"':$B&$''A/&
8'&#AC":/78'&)$'"&#;&'$&800G&8'&/4:"":$?&)$'"&7:/9&M(&:)&6'/&?40$8/#"&2#$&8'&$#/774D
":E%'&"0?#4:/A'&'$&6''G&8'&<##48'&+BY=Z+Z=Z99999N

H'40$8'4)/'"&''$)&8#/&0C&6'/&M:E@'4'$N&10""'/E'&f&/'4<:E"&0C&6'/&10""'/E'&''$&<4:ED
2:$?)%4#56/&1":EG&<'4%'$&f&''$&<:))'"'$8'&%4#56/&M(B&8:'&1:E20041''"8&):$7)204A:?&
2#4:''4/&A'/&8'&;4'r7'$/:'&2#$&O(#A#9C&(I&<048/&7:/?'0';'$8&120$(G7>>#(+A+*(%;!9&
Q4&%#$&8#$&<048'$&1'4'%'$8&A'/&<'"%'&#AC":/78'#4&6'/&10""'/E'&M00%&):$7)204D
A:?N&/4:"/&'$&6'/&#AC":/78'2'4"00C&%#$&<048'$&7:/?'@'/&:$&''$&?4#I'%&120$(G7>>#(
+A+);9&S'&2'4)56:""'$8'&%40AA'$&:$&8'&I?774&6'/'$&8'&&"5-#1#6'".&-22"#9&

=& S'&<:))'"'$8'&%4#56/&@07&%7$$'$&<048'$&0C?'<'%/&8004&''$&'"'%/40A#?$''/&<##48004&''$&
):$7)204A:?'&<:))'")/400A&<048/&?')/7748&8:'&0$8'4&6'/&10""'/E'&:)&?'C"##/)/9&S'&<:))'"'$8'&
%4#56/&20'4/&'$'4?:'&/0'&##$&6'/&10""'/E'B&8:'&6'/&<4:E2:$?)2'4":')&50AC'$)''4/9



b*=7/90,5/==/.8*.
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Q= 4

Resonantiekrommen

Aandrijffrequentie

F24%%7,-3-6! L*0<.2.,/*-5<66*.!
6*,!1*50Q3/==*.9*!oO?2Q,<5*.(

S'&<##48'&2#$&8'&##$84:El4'r7'$/:'&O(#<##42004&8'&%40AA'&@:E$&A#o:A7A&
6''GB&6''/&8'&4')0$#$/:';4'r7'$/:'&O7&2#$&6'/&/4:""'$8'&2''4)V)/''A9&

S'&A#o:A7A<##48'&>-I5+'#="&'#=B&<048/&1'C##"8&8004&8'&<4:E2:$?&Q&M<''4)/#$8N9&
S'&OD)11&*"&>O(1+'6M$81G6-&B&<048/&?'147:%/&0A&8'&<##48'&2#$&8'&1#$814''8/'&
2#$&6'/&A#o:A7A&##$&/'&?'2'$9&S'&OD81G6-&&<048/&1'4'%'$8&A'/&8'&;04A7"'T

3")#Q&%"':$&:)B&8#$&<048/&2004&''$&2#)/'&<##48'&2#$&L#8'&wD;#5/04&?400/B&6'/D
?''$&1'/'%'$/&8#/&8'&0C)":$?'4:$?&?400/&:)9&&O:/&8'&?4#I'%'$&@:'$&<'&00%&8#/&#")&
Q&?40/'4&<048/B&8'&4')0$#$/:'D;4'r7'$/:'&$##4&''$&"#?'4'&<##48'&2'4)567:G&'$&
8'&%40AA'&A:$8'4&)C:/)&<048/9,

,-9-N+ O<8J($P$+J$%"<0"$4$+#%"(("/1$/
PA&0$)&6''$&@:E$&2'"'&?'"7:8'$&2#$&#""'4"':&##48&60041##49&S'&'$%'"2078:?'&0;&
):$7)204A:?'&?'"7:8)/4:"":$?B&@0#")&8:'&2#$&''$&)/'A204%B&%0A/&:$&0$@'&8#?'":E%)'&
j?'"7:8)<'4'"8d&$#7<'":E%)&20049&S'&A'')/'&?'"7:8'$&8:'&<:E&)/''8)&<''4&%7$$'$&
<##4$'A'$&@:E$&@0?'$##A8&50AC"'o&2#$&%#4#%/'49&

Q'$&1'"#$?4:E%'&?40'C&204A/&8'&)5#"#&2#$&?'"7:8)/4:"":$?'$&A'/&''$&%"#$%&%#4#%/'4&
M2:00"B&i7:/B&@#$?)/'AB&#7/05"#o0$B&'$@02004/N9&S'@'&50AC"'o'&/4:"":$?'$&@:E$&
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$#

&C'4:08:'%9&S#/&<:"&@'??'$B&:$8:'$&<:E&8'@'&/4:"":$?)204A'$&?4#I)56&@:56/1##4&
A#%'$B&@:'$&<'&1:E&''$&)C'5:I'%&?'"7:8&''$&<:""'%'74:?'&'$&?4:"":?'B&A##4&)/''8)&
<''4%'4'$8'&?0";204A9&W$&<:)%7$8:?'&@:$B&A##4&00%&:$&8'&C4#%/:E%B&%#$&:'8'4'&
C'4:08:'%'&50AC"'o'&/4:"":$?&<048'$&0C?'107<8&7:/&''$&##$/#"&):$7)204A:?'&
/4:"":$?'$9&S'&;4'r7'$/:')&2#$&8'&)#A'$)/'""'$8'&/4:"":$?'$B&8'&?40$8/00$&A'/&
@:E$&102'$/0$'$B&@:E$&#"/:E8&''$&2''"2078&2#$&8'&?40$8;4'r7'$/:'9&

S'&;4'r7'$/:'&2#$&8'&?40$8/00$&:)&1'C#"'$8&2004&8'&C'4:08:5:/':/&'$&8##40A&
2004&8'&/00$600?/'9&]0#")&6:'42004&2'4A'"8&/00$8'&8'&<:)%7$8:?'&L-(&'"&&##$&
8#/&:'8'4&?'"7:8&M@0<'"&50AC"'o'&C'4:08:'%'&/4:"":$?'$&#")&47:)D&'$&%":%?'"7:8'$N&
0C?'107<8&%#$&<048'$&7:/&):$7)204A:?'&/4:"":$?'$&>L-(&'"&D1#1+M5"B:$S'&<:E@'&
2#$&)#A'$)/'"":$?B&8'&?400//'&2#$&8'&#AC":/78'&'$&8'&;#)'&2#$&8'&2'4)56:""'$D
8'&/4:"":$?'$&1'C#"'$&7:/':$8'":E%&8'&7:/'4":E%'&204A&2#$&8'&50AC"'o'&/4:"":$?&'$&
8##4A''&00%&8'&%"#$%%"'74&0;&6'/&/:A14'&2#$&8'&/4:"":$?9&Q'$&'$&#$8'4&<048/&
87:8'":E%&?'A##%/&1:E&'$%'"'&)C'5:#"'&50AC"'o'&C'4:08:'%'&/4:"":$?'$B&@0#")&8'&
,+-.=-+8D&'$&8'&<11=61#*D6&'++'#=:

[$$7K001&,-,I,Y0,<$J;10\0,;072$&20+0,*72112"4!"#!$%&'(&%)

-1

-0,5

0

0,5

1

0 2 4 6 8 10
Tijd in ms

F24%%7,-3-9!M<.0,57Q,/*!12.!**.!
f+=<-8<=?e!C+/J!+*.29*5/.8F

Q'$&@7:2'4'&:8'#"'&j1"0%?0";D/4:"":$?d&M20041''"8T&1"0%?0";&2#$&=,,&̀ @9N&1')/##/&7:/&
''$&0$':$8:?&##$/#"&):$7)204A:?'&/4:"":$?'$B&A'/&;4'r7'$/:')&2#$&=,,B&[,,B&-,,B&
Y,,B&>,,B&==,,B&=[,,B&999&`@&<##42#$&8'&#AC":/78'&#;$''A/&02'4''$%0A)/:?&8'&
4''%)&2#$&=B&=\[B&=\-B&=\YB&=\>B&=\==B&=\=[B&999&



b*=7/90,5/==/.8*.

$$

S'&;#)'60'%&:)&2#$&:'8'4'&/4:"":$?&?'":E%&##$&,t&S'&102'$/0$'$&2#$&4')C'5/:'2'":E%&
+,,B&g,,B&J,,B&Z,,B&=,,,B&x&̀ @&0$/14'%'$9&S'&87$$'&":E$'$&?'2'$&8'&#;@0$8'4":E%'&
):$7)/4:"":$?'$&<''49&S'&8:%%'&":E$&:)&8'&1'$#8'4:$?&2#$&''$&1"0%?0";&)#A'$?'D
)/'"8&7:/&''$&@')/#"&):$7)204A:?'&/4:"":$?'$&2#$&=,,&/0/&'$&A'/&==,,&`@9&&

W$&<:)%7$8:?'&204A&<048/&8'&1"0%?0";&M1:E&1'$#8'4:$?N&2004?')/'"8&20"?'$)&8'&
;04A7"'T&

sin2πf1t + 1/3.sin2πf3t + 1/5.sin2πf5t + 1/7.sin2πf7t + 1/9.sin2πf9t + ...

[$$7K001&,6,I,Y0,<$J;10\0,;072$&20+0,*72112"4!"#!*++(,+-"

-2
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1

2

0 2 4 6 8 10
Tijd in ms

F24%%7,-3->!)*!Q<6K=*N*!
K*5/<9/*-*!,5/==/.8!9*!f]228,2.9e!
C+/J!+*.29*5/.8F!(

W$&102'$)/##$8'&I?774&@:'$&<:E&8'&50$)/475/:'&2#$&''$&j@##?/#$8D/4:"":$?d&1')/##$D
8'&7:/&J&):$7)204A:?'&/4:"":$?'$&2#$&=,,B&+,,B&[,,B&g,,B&-,,B&J,,&̀ @9&S'&#AC":/78'&
$''A/&#;&20"?'$)&8'&4''%)&=B&=\+B&=\[B&=\gB&=\-B&=\JB&=\Y999999&

S'&;#)'M60'%N&2#$&8'&''4)/'&/4:"":$?&:)&,tB&A##4&2#$&8'&/<''8'&0C20"?'$8'&/4:"D
":$?&:)&8'@'&=Z,t9&S'&8'48'&/4:"":$?&6''G&<''4&''$&;#)'60'%&2#$&,tB&8'&2:'48'&''$&
;#)'60'%&2#$&=Z,t9&'$@9&S'&87$$'&":E$'$&?'2'$&8'&#;@0$8'4":E%'&):$7))'$&<''4B&
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2.10-5 Pa = (20 μPa = 20 micro-Pascal) 

S'@'&?'"7:8)847%&5044')C0$8''4/&A'/&''$&?'"7:8):$/'$):/':/&2#$T

10-12 W/m2
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_2..**5!9*!+*.*.!12.!**.!0,*61<5-!,5/==*.!92.!4<59,!**.!0/.701<56/8*!,5/==/.8!<K8*O
4*-,!6*,!**.!+*K22=9*!26K=/,79*(!X5!,5*9*.!970!-=*/.*!=7Q3,957-125/2,/*0!CKF!<KE!
9/*!*1*.**.0!**.!0/.701<56/8!1*5=<<K!3*++*.(!)*!=7Q3,9**=,J*0!-5/J8*.!**.!3**.!*.!
4**5!822.9*!8<8$/#&/$+*/$(6$"0+R%S!42259<<5!9*!=7Q3,9**=,J*0!]/Q3!3**.!*.!4**5!
1*5K=22,0*.!C*1*.**.0!1<=8*.0!**.!0/.70Q751*F(!)<<5!9*!*=20,/Q/,*/,!12.!9*!=7Q3,!K=2.O
,*.!9*!=7Q3,O957-125/2,/*0!]/Q3!1<<5,(!A.9/*.!4/J!9*!=7Q3,957-125/2,/*0!4/==*.!6*,*.!<?!
*56**!4/==*.!5*-*.*.E!822.!4/J!./*,!7/,!12.!9*!6<6*.,2.*!42259*!R;S!6225!12.!**.!
*<<%#+1$8"00$(0$!9/*!4*!9*!*^*Q,/*1*!42259*!.<*6*.!C/.!3*,!X.8*=0\!%<<#R8$&/R
*G'&%$D(!)*]*!/0!+/J!**.!0/.70!<.8*1**5!BE:!622=!9*!26K=/,79*(!)*]*!957-!97/9*.!4/J!
122-!22.!6*,!**.!3<<?9=*,,*5!AFD(!X5!8*=9,!.7!92,!9*!1$8"00$(0$+0$$(#)$**/$(6$"0+
ATD!12.!9*!=7Q3,!+/J!K5<K282,/*!12.!8*=7/908<=1*.!8*=/J-!/0!22.!9*!8*=7/90957-!8*9**=9!
9<<5!9*!/6K*92.,/*!12.!9*!=7Q3,E!<?!/.!?<567=*\

U = P/Z

_225+/J!C!9*!*J$H"?"$4$+&4<$*#"*H6$+"8J$0&/#"$!12.!9*!=7Q3,!/0(!)*]*!C,/0!4**5!
8*=/J-!22.\

Z = ρ.v 

H/*5!/0!.V/!9*!9/Q3,3*/9!12.!9*!=7Q3,!C"E#"!-8k6$F!*.!R@S!9*!0.*=3*/9!12.!3*,!8*=7/9!
12.!$%$!6k0C+/J!#BmF(!s`/J!95<8*!=7Q3,!*.!Bm!/0!9*!0.*=3*/9!$$"!6k0(t!;2.8*]/*.!9*!
/.,*.0/,*/,!12.!**.!8*=7/908<=?!3*,!K5<97Q,!/0!12.!9*!*^*Q,/*1*!8*=7/90957-!*.!9*!
8*6/99*=9*!9**=,J*00.*=3*/9E!-2.!.7!3*,!1*5+2.9!8*=*89!4<59*.!,700*.!9*!*^*Q,/*1*!
8*=7/90957-!CcF!*.!9*!/.,*.0/,*/,!CAF(
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I = P.U = P.P/Z = P2/ρ.υ

H/*57/,!1<=8,\!

P2 = c.I  waarin c gelijk is aan  ρ.v 

A.9/*.!3*,!1*5+2.9!,700*.!9*!8*=7/90957-!*.!9*!/.,*.0/,*/,!+/J!9*!95*6K*=!12.!9*!
6*.0!4<59,!+*K22=9!92.!+=/J-,\!
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?'"7:8)847%&2#$&+9=,D-&.#&<048/&?'":E%?')/'"8&##$&,&8(&K._9&Q'$&=,,D2078&/0'$#D
A'&2#$&8'&?'"7:8)847%&?''G&''$&2'4A''48'4:$?&2#$&g,&8(9&Q'$&/0'$#A'&A'/&''$&
;#5/04&=,9,,,&1'/'%'$/&Z,&8(9&3")&8'&?'"7:8)/'4%/'&+o&@0&?400/&<048/&1'/'%'$/&8:/&
''$&/0'$'A:$?&2#$&J&8(9&Q$:?&?'20'"&2004&6'/&1'?4:C&8(&:)&17:/'$?'<00$&6#$D
8:?9&a'/&1'67"C&2#$&'$%'"'&?'/#""'$&%7$&E'&A'/&20"80'$8'&$#7<%'74:?6':8&7:/&
6'/&600;8&8'&:$/'$):/':/&0;&?'"7:8))/'4%/'&:$&8(&1'4'%'$'$&120$(04"$#9$228(+AQ;9
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H*,!=*5*.!3<<?95*-*.*.!6*,!9`!/0!]**5!/.0,57Q,/*?(!;=0!8*8*1*.0!3*++*.!4*!.<9/8\

log 10 = 1    log 2 = circa 0,3    log 3 = circa 0,5

en de rekenregels: log a.b = b.log a   en   log a.b = log a + log b

"##$%&&'()*
X*.!8*=7/900,*5-,*./1*27!12.!BE#!c2!/0!7/,8*957-,!/.!9`\

LdB = 20 log P1 / P0 = 20 log 0,2 / 2.10-5 = 20 log 104 = 80 dB

"##$%&&'()!+
X*.!8*=7/90957-!/0!:&!N!]<!85<<,!2=0!#B!uc2\

LdB = 20 log P1 / P0 = 20 log 75.20.10–5 / 20.10-5 = 20 log 75 = 

20 log (3 x 10/2 x 10/2) =  

20{log 3 + (log 10 - log 2) + (log 10 - log 2)} = 

20{0,5 + (1 - 0,3) + (1 - 0,3)} = 20.1,9 = 38 dB

CX*.!Q2=Q7=2,<5!]<7!$:E&!9`!3*++*.!<K8*=*1*59(F
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)*!/.,*.0/,*/,!12.!**.!,<<.!12.!**.!8*.*52,<5!4<59,!6*,!**.!?2Q,<5!%!<K8*1<*59(

LdB = 10 log I1 / I0 =10 log 4 = 10 log 2 x 2 =

10 (log 2 + log 2) = 10 (0,3 +0,3) = 6 dB.
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F24%%7,-369
=, >4**!0/.701<56/8*!,5/==/.8*.!6*,!9*]*=?9*!

?5*U7*.,/*E!9*]*=?9*!26K=/,79*!*.!9*]*=?9*!

?20*!8**j!**.!0/.70!6*,!9*]*=?9*!?5*U7*.,/*!

*.!?20*!6225!6*,!**.!1*597++*=/.8!12.!9*!

26K=/,79*(

1

2

3  

9

K, >4**!0/.701<56/8*!,5/==/.8*.!6*,!9*]*=?9*!

26K=/,79*!*.!9*]*=?9*!?5*U7*.,/*!6225!6*,!

**.!?20*1*50Q3/=!12.!"@Bm!8**j!<K8*,*=9!**.!

,<,2=*!7/,9<1/.8(!

1

2

3  
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<, >4**!0/.701<56/8*!,5/==/.8*.!6*,!9*]*=?O

9*!?5*U7*.,/*!*.!9*]*=?9*!26K=/,79*E!6225!

6*,!**.!?20*1*50Q3/=!=/88*.9!,700*.!9*!Bm!

*.!"@BmE!8**j!4*9*5<6!**.!0/.70!6*,!**.!

26K=/,79*!9/*!=/8,!,700*.!B!*.!,4**622=!9*!

26K=/,79*!12.!9*!<<50K5<.-*=/J-*!,5/==/.8!

C2?32.-*=/J-!12.!3*,!?20*1*50Q3/=F

1

2

3  

!"*07J0TT$,-35

)*!<K,*==/.8!12.!,4**!0/.701<56/8*!,5/==/.8*.!6*,!9*]*=?9*!26K=/,79*!;!*.!C3<*-OF
?5*U7*.,/*!ω (ω=2πf),!6225!6*,!**.!?20*1*50Q3/=!12.!φC!4<59,!+*K22=9!9<<5\v

)/,!/0!4**5!**.!,5/==/.8!6*,!**.!?5*U7*.,/*!?!*.!6*,!**.!26K=/,79*

Y5228\!+/J!4*=-!?20*1*50Q3/=!3**j!9*!0<6,5/==/.8!<<-!4**5!9*!26K=/,79*!;w
;.,4<<59\!*5!6<*,!92.!8*=9*.\

!)/,!8*=9,!2=0\

v!Y<=8*.0!9*!8<./<6*,5/0Q3*!5*8*=\!!
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F24%%7,-36>!A.!9*!?/875*.!"(#%2!*.!"(#%+!4<59*.!9*!8*=7/900K*Q,52!12.!,4**!62Q3/.*0!
C0,<?]7/8*5!*.!+<<562Q3/.*F!4**58*8*1*.!6*,!5*0K*Q,/*1*=/J-!**.!8*=7/90./1*27!12.!
'B!*.!&&!9`(!

F24%%7,-365
><*.26*!12.!=2422/!/.!9`!
/.9/*.!,4**!=2422/+5<..*.!
2Q,/*?!]/J.(!aK!9*!NO20!/0!3*,!
./1*271*50Q3/=!/.!9`!12.!9*!#!
=2422/+5<..*.!22.8*8*1*.(!
aK!9*![O20!4<59,!9*!,<*.26*!
2?8*=*]*.(!
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Verschil geluidsniveau in dB

Additie van dB-waarden

!"*07J0TT$,-3B

)*!0,<?]7/8*5!8**j!'B!9`!2?!,*54/J=!9*!+<<562Q3/.*!**.!8*=7/900,*5-,*!3**j!12.!&&!
9`(!H/*5<.9*5!4<59,!**50,!9*!/.,*.0/,*/,!7/,8*5*-*.9!,*.!<K]/Q3,*!12.!3*,!A.,*5.2,/O
<.22=!BO./1*27!12.!-8I-6,^_J#!9<<5!9*!9`O!42259*.!,*!/.1*5,*5*.(!I2!299/,/*!12.!!-,
J0*,!6,*$*,!*$*!-2.!9*!*/.942259*!4**5!<68*]*,!4<59*.!/.!9`(!)*!7/,-<60,!/0!]<2=0!
5**90!7/,!9*!852?/*-!/0!2?8*=*]*.!B-`6,&a3
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!"*0")2*02*,)*$(T%2407

b*x.1*5,**59!8**j!9/,\!

H/*57/,!1<=8,\!,

!"*0")2*02*,K$$7J=<#2"0

b*x.1*5,**59!8**j!9/,\!

H/*57/,!1<=8,\,,

N$*=10,2"*0")2*02*

)/,!8**j

>*578!.225!9*!8*=7/900,*5-,*!/.!9`

LdB tot =10 log (106.1,316) = 10 log 106 + 10 log 1,316  

= 10.6 + 10.0,12 = 61,2 dB
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[$$7K001&,6],00",+0*01J=+072M
S004&''$&?'"7:8)$:2'#7A'/'4&:)&C'4&05/##;&6'/&$:2'#7&?'A'/'$&2#$&''$&%'/'"A#D
%'4:E9&]0<'"&8'&?4#I'%&#")&8'&/#1'"&"##/&8'&$:2'#7)&2004&8'&2'4)56:""'$8'&;4'r7'$D
/:'1#$8'$&@:'$&1G7>>#(+A)L&'$&"6C$=(+APN9

F24%%7,-36B!!
X*.!8*=7/90./1*270K*Q,576!12.!
**.!-*,*=62-*5/J(!aK!9*!1*5,/Q2=*!
20!/0!3*,!8*=7/90./1*27!/.!9`!
7/,8*]*,!,*.!<K]/Q3,*!12.!3*,!
/.,*5.2,/<.2=*!BO./1*27!12.!"BO"#!
_k6#(!aK!9*!3<5/]<.,2=*!20!0,22.!
9*!6/99*.?5*U7*.,/*0!12.!9*!
?/=,*5+2.9*.!9/*!**.!<Q,22?!+5**9!
]/J.(
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Octaafspectrum van een ketelmakerij

:70(;$&<=)>?@A B/8&7.)/0)(: B/8&7.)/0)CDE!

!'#E& !RB !"EB!N!"BO$

!"#& !R& !$E#!N!"BO$

!#&B !"BB !"BEB!N!"BO$

!&BB !"B: !&BE"!N!"BO!$

!"(BBB !""" "#&ER!N!"BO$

!#(BBB !"BR !:RE%!N!"BO$

!%(BBB !"BB !"BEB!N!"BO$

!@(BBB !R# !"E'!N!"BO$

N$*==1 6G-`6,\,-8I9,Rb-->`5,&aS

N=K01,-39,A.!9*!9*59*!-<=<6!]/J.!9*!9`O42259*.!8*x.1*5,**59!.225!/.,*.0/,*/,042259*.!
/.!_k6#E!9225.2!<K8*,*=9E!4225.2!1*51<=8*.0!9*!7/,-<60,!/0!8*Q<.1*5,**59!.225!9`e0(!
Y<<5!9*!+*5*-*./.8!/0!9*!6*,3<9*!8*1<=89!9/*!/.!04"$#9$228(+AL!/0!4**58*8*1*.(!

!3$A+#$(+#$#B))()$%""-C))/($C/+D2#$(*+()/+D2$(&#$C+D$()$">#)//+',$&//))'$()$'+%)&*4$+'$()$
4#)-24#)$C&'()'$'")0)'4B&&-($0))#)//)'7
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F24%%7,-36A=,R12"+)S!>4**!0/.701<56/8*!,5/==/.8*.!12.!"BB!*.!#BB!H](

F24%%7,-36AK,R70<#*)S,)*!026*.8*0,*=9*!,5/==/.8(
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F24%%7,-36G=, >4**!0/.701<56/8*!,5/==/.8*.!12.!"BB!*.!""B!H](
F24%%7,-36GK, )*!026*.8*0,*=9*!,5/==/.8!6*,!**.!?5*U7*.,/*!12.!"B&!H]!6*,!**.!]4*1/.80O
?5*U7*.,/*!12.!&!H](

!"*07J0TT$,-3A,I,CD0@2"40"
A.!9*!8<./<6*,5/*!+*0,22.!*5!1**=!?<567=*0!9/*!5*=2,/*0!7/,957--*.!,700*.!8<./<6*,5/O
0Q3*!85<<,3*9*.E!]<2=0\

A.9/*.!*5!,4**!0/.701<56/8*!,5/==/.8*.!6*,!?5*U7*.,/*0!9/*!9/Q3,!+/J!*=-225!=/88*.!4<5O
9*.!<K8*,*=9E!<.,0,22,!]4*1/.8(!a1*5**.-<60,/8!+<1*.0,22.9*!?<567=*!8*=9,!92.\!
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X5!<.,0,22,!970!**.!,5/==/.8!6*,!**.!?5*U7*.,/*!12.!(f1 + f2)/2 = 105 Hz3!!
)*!26K=/,79*!12.!9*]*!,5/==/.8!125/**5,!,700*.!B!*.!#;!6*,!**.!?5*U7*.,/*!12.
(f2 - f1)/2 = 5 Hz3
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Gemoduleerde draaggolf van 100Hz
Modulatieindex m=0,6

Modulatiefrequentie = 10 Hz 
(T=1/10s)

F24%%7,-36L=!X*.!26K=/,79*8*6<97=**59*!0/.70,5/==/.8!12.!"BB!H]!6*,!**.!6<97=2,/*O
?5*U7*.,/*!12.!"B!H]!*.!**.!6<97=2,/*9/*K,*!12.!6!D!BE'(



H<<?90,7-!"!i!b*=7/9

&'

-2

-1

0

1

2

0 5 10 15 20U
itw

ijk
in

g

Tijd in ms

Gemoduleerde draaggolf van 100 Hz
Modulatieindex m=1

Modulatiefrequentie = 10Hz  
(T=1/10s)

F24%%7,-36LK!)*]*=?9*!952288<=?!8*6<97=**59!6*,!9*]*=?9*!6<97=2,/*?5*U7*.,/*!12.!"B!H]!
6225!6*,!**.!6<97=2,/*9/*K,*!12.!6!D!"(!
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"#$('65+'#="&"Q"G6B:

F24%%7,-399!)*!5*0K<.0*0!12.!
**.!+2.9?/=,*5!6*,!**.!125/2+*=*!
+2.9+5**9,*!<K!**.!-<5,*!K7=0(!H*,!
?/=,*5!3**j!**.!Q*.,576?5*U7*.,/*!
12.!"BBB!H](!
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W$&6'/&Q$?'")&<048/&8:/&&'#='#=&?'$0'A8B&6'/?''$&2'4?'":E%1##4&:)&A'/&6'/&7:/%":$D
%'$&2#$&''$&##$?')"#?'$&<:E$?"#)9&(:E&''$&?40/'4'&1#$814''8/'&2'4)56:E$/&)/''8)&
A''4&8'&004)C40$%'":E%'&C7")9&PA?'%''48T&60'&)A#""'4&8'&1#$8&:)&'$&60'&)/':D
"'4&8'&i#$%&2#$&6'/&I"/'4B&8')&/'&"#$?'4&<048/&8'&4')C0$):'/:E89&W$&6'/&#"?'A''$&
?##/&''$&1'/'4&0C"0))'$8&2'4A0?'$&:$&;4'r7'$/:'&2#$&6'/&1#$8I"/'4&?'C##48&A'/&
''$&2'4A:$8'4:$?&2#$&6'/&0C"0))'$8&2'4A0?'$&:$&/:E89&3")&8'&:$C7/&2#$&''$&)A#"&
1#$8I"/'4&1')/##/&7:/&''$&)'4:'&C7")'$&8#$&@#"&8'&4')C0$):'&0C&=&C7")&$0?&$:'/&
@:E$&<'??')/042'$&20048#/&8'&20"?'$8'&C7")&@:56&<''4&##$8:'$/9&S'&4')C0$):')&
<048'$&8#$&7:/?')A''48&/0/&''$&):$7)/00$9&



W/.*2/5*!*.!./*,O=/.*2/5*!1*51<56/.8

'$

K/'"&8#/&<'&''$&I(+56&"'#&A'/&''$&4'C'/:/:';4'r7'$/:'&2#$&[[[&`@&/0'20'4'$&##$&
''$&I"/'4&A'/&''$&5'$/47A;4'r7'$/:'&2#$&=,,,&`@&'$&1:E20041''"8&''$&1#$8D
14''8/'&2#$&=-,&`@B&8#$&@#"&8'&4')C0$):'&''$&M50$/:$7'N&):$7)&2#$&=,,,&`@&@:E$9
W$&;':/'&"##/&6'/&I"/'4&$7&8'&['&6#4A0$:)56'&2#$&8'&C7")/4':$&80049&q:"/'4)&A'/&
2'4)56:""'$8'&5'$/47A;4'r7'$/:')&8:'&''$&2''"2078&@:E$&2#$&[[[&`@&@7""'$&87)&
2'4)56:""'$8'&C1&2-#'5GC"#&2#$&8'&I(+56&"'#&8004"#/'$9&3")&8'&1#$814''8/'&
20"80'$8'&?400/&<048/&?'A##%/&@#"&'4&<''4&''$&C7")/4':$&A'/&8'&004)C40$%'":E%'&
;4'r7'$/:'&2#$&[[[&̀ @&@:56/1##4&<048'$9&S'&?0";204A&":E%/&8#$&<'"&0C&''$&):$7)D
C7")&2#$&=,,,&`@&1:E&''$&I"/'4&A'/&''$&5'$/47A;4'r7'$/:'&2#$&=,,,&`@9

!"*07J0TT$,-3-8

P,/67=/!1<<5!K0[Q3<O2-<*0,/0Q3!*.!*=*-,5<?[0/<=<8/0Q3!<.9*5]<*-!4<59*.!,*8*.4<<5O
9/8!6*,!9*!Q<6K7,*5!8*8*.*5**59(!H*,!K5<Q*0!12.!?/=,*5*.!6*,!9*!Q<6K7,*5!1*5=<<K,!
8=<+22=!2=0!1<=8,\

-, Y2.!3*,!,*!?/=,*5*.!0/8.22=!4<59,!3*,!?5*U7*.,/*0K*Q,576!+*5*-*.9!6*,!T<7O
5/*5O,52.0?<562,/*(

6, Y/2!?<567=*0!4<59,!3*,!?5*U7*.,/*0K*Q,576!12.!3*,!?/=,*5!+*5*-*.9(

9, H*,!?5*U7*.,/*0K*Q,576!12.!3*,!0/8.22=!4<59,!1*56*./817=9/89!6*,!92,!12.!
3*,!?/=,*5(!)/,!=*1*5,!3*,!?5*U7*.,/*0K*Q,576!12.!3*,!8*?/=,*59*!0/8.22=!<K(

>, H*,!?5*U7*.,/*0K*Q,576!12.!3*,!8*?/=,*59*!0/8.22=!4<59,!,*578!8*,52.0?<5O
6**59!.225!**.!0/8.22=!2=0!?7.Q,/*!12.!9*!,/J9(!)/,!K5<Q*0!3**,!"/5$%*$+W<'R
%"$%R#%&/*?<%8&#"$-+

d*,!9*]*!4/J]*!12.!f?/=,*5/.8e!6*,!9*!Q<6K7,*5!4<59*.!1**=!0Q3*5K*5*!&?1%$/Y"/1$/!
12.!?5*U7*.,/*8*+/*9*.!1*5-5*8*.!92.!6*,!-=200/*-*!J&**"$5$!?/=,*50E!026*.8*0,*=9!
7/,!Q<.9*.02,<5*.E!0K<*=*.!*.!4**50,2.9*.(

,-Z+ !"/$&"%$+$/+/"$#R("/$&"%$+5$%5<%8"/1

H'4204A:$?&<048/&?'8'I$:''48&#")&8'&#;<:E%:$?&2#$&8'&):?$##"204A&f&$#&2'4D
)/'4%:$?&8004&''$&'"'%/40#%0')/:)56&)V)/''A&M1:E20041''"8&''$&?'"7:8):$)/#""#/:'&
A'/&A:540;00$B&2'4)/'4%'4&'$&"7:8)C4'%'4N&f&/'$&0C@:56/'&2#$&8'&004)C40$%'":E%'&
):?$##"204A9&`'/&):?$##"&f&8'&84#?'4&2#$&8'&:$;04A#/:'&f&%#$&A'$&0C2#//'$&#")&



H<<?90,7-!"!i!b*=7/9

'%

''$&50A1:$#/:'&2#$&):$7)204A:?'&/4:"":$?'$&A'/&2'4)56:""'$8'&;4'r7'$/:')&'$&
#AC":/78'$&'$&2'4)56:""'$8'&;#)'2'46078:$?'$&120$(/6#67#66B(+A)AL;9&a'$&%#$&
0$8'4)56':8&A#%'$B&#;6#$%'":E%&2#$&8'&004@##%B&/7))'$&+'#"1'&"&'$&#'"6D+'#"1'D
&"&2'4204A:$?9&

8:#Y.F(D.)(#R()R/)L.F]&/4''8/&0C&#")&8'&2'4)/'4%:$?&$:'/&6'/@'";8'&:)&2004&#""'&
;4'r7'$/:')&<##47:/&6'/&004)C40$%'":E%'&):?$##"&:)&)#A'$?')/'"89&`'/&7:/?#$?)D
):?$##"&1'2#/&8#$&6#4A0$:)56'&/4:"":$?'$&<##42#$&8'&#AC":/78'2'46078:$?'$&
$:'/&A''4&8'@'";8'&@:E$&#")&8:'&2#$&6'/&:$?#$?)):?$##"9
P$8'4&":$'#:4'&2'4204A:$?&<048/&00%&1'?4'C'$&;#)'2'484##::$?&2#$&6'/&):?$##"&
1:E&/4#$)C04/&8004&6'/&2'4)/'4%'4)V)/''A9&3")&;#)'84##::$?&0C/4''8/&:)&8'&+--ID
6'4*&2#$&8'&2'4)56:""'$8'&;4'r7'$/:')&8004&6'/&2'4)/'4%'4)V)/''A&2'4)56:""'$89

9:#_.(%1E.F(D.)(#R()R/)L.F]&6''G&/0/&?'20"?&8#/&'4&$:'7<'&f&A'')/#"&0$?'<'$)D
/'&f&;4'r7'$/:')&0$/)/##$&:$&6'/&7:/?#$?)):?$##"9&X:'/D":$'#:4'&2'4204A:$?&0$/D
)/##/&#")&8'&?400//'&2#$&6'/&7:/?#$?)):?$##"&`+%,&$:'/&A''4&'2'$4'8:?&:)&##$&6'/&
:$?#$?)):?$##"&a+%,9&H'40$8'4)/'"&8#/&6'/&:$?#$?)):?$##"&''$&):$7)204A:?'&/4:"D
":$?&:)B&2004?')/'"8&8004T

x(t) = A sin 2πft 

W$8:'$&$#&2'4)/'4%:$?&6'/&7:/?#$?)):?$##"&60?'4'&6#4A0$:)56'$&1'2#/&A'/&;4'D
r7'$/:')&2#$&9&I#>&I#G&I#J&xB&8#$&)C4''%/&A'$&2#$&C1&2-#'5GC"$%"&%-&2'#=9&
W$8:'$&6'/&:$?#$?)):?$##"&7:/&/<''&0;&A''4&):$7)204A:?'&/4:"":$?'$&1')/##/B&1:ED
20041''"8T&

x(t) = A sin 2πf1t + B sin 2πf2t

8#$&0$/)/##$&$#&$:'/D":$'#:4'&2'4)/'4%:$?&1'6#"2'&60?'4'&6#4A0$:)56'$&00%&
)0AD&'$&2'4)56:";4'r7'$/:')B&@0#")T

2f1-f2;  2f2-f1;  f2-f1;  f2+f1;  2f2+f1;  2f1+f2; …

S:/&/VC'&2#$&2'4204A:$?&<048/&#")&'#6"&2-*(+16'"%"&%-&2'#=&##$?'87:89&W$&
04"$#9$228(+A++&<048'$&'$%'"'&20041''"8'$&2#$&6#4A0$:)56'&'$&:$/'4A087"#D
/:'2'4204A:$?&7:/?'<'4%/9
S'@'&2'4204A:$?)C40875/'$&A'/&8'&?'$0'A8'&;4'r7'$/:')&%0A'$&00%&2004&:$&
8'&5056"'#&#")&/<''&;4'r7'$/:')&&8#'$&&9&##$&6'/&004&<048'$&##$?'108'$9&S'&;4'D
r7'$/:'&9&81&9#<048/&#")&0/0D#%0')/:)56'&'A:)):'&?'A'/'$&M@:'&600;8)/7%&gN9



W/.*2/5*!*.!./*,O=/.*2/5*!1*51<56/.8

'&

!"*07J0TT$,-3--

;2.!**.!*=*-,5<2-<*0,/0Q3!1*50,*5-*50[0,**6!!"#$%%&'()!4<59,!**.!0/.701<56/8!0/8O
.22=!6*,!**.!?5*U7*.,/*!12.!"BBB!H]!,<*8*1<*59\
! NC,F!D!;!0/.!C#njF!D!"B!0/.!C#n("BBB(,F

P,*=!92,!3*,!,<*0,*=!**.!1*50,*5-/.80?2Q,<5!3**j!12.!3<.9*59E!92.!]2=!<K!*=-!,/J90,/K!3*,!
7/,82.800/8.22=+[A#D!3<.9*59!-**5!]<!85<<,!]/J.!2=0!3*,+"/1&/1**"1/&&(+PA#D(!

)/,!1*5+2.9!/0!4**58*8*1*.,(y=100x)+/.!9*!f,52.0?*5-252-,*5/0,/*-e!12.!(G7>>#(T(!
H*,!/0!**.!5*Q3,*!C=/.*2/5*F!=/J.(
A.!"#$%%&'*!/0!9*!/.82.80O7/,82.80-252-,*5/0,/*-!./*,!=/.*2/5(!)*!,52.0?*5-252-,*5/0,/*-!
/.!3*,!1<<5+**=9!12.!G7>>#(U!1<=9<*,!22.!9*!1*58*=/J-/.8\!
[!D!"&BN!q!BE&N$

)*!852?/*-!/.!G7>>#(H!=22,!3*,!7/,82.800/8.22=![C,F!]/*.E!]<4*=!1<<5!9*!=/.*2/5*!2=0!9*!
./*,O=/.*2/5*!,52.0?*5-252-,*5/0,/*-E!1<<5!3*,!+<1*.8*.<*69*!/.82.800/8.22=!12.\!
10 sin(2π.1000.t)(!`/J!3*,!=/.*2/5*!1*5+2.9!y=100x+8*=9,\!

y1 = 1000 sin(2π.1000.t)

/01%2&)@07)*07+07

T/8775!;
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H<<?90,7-!"!i!b*=7/9

''

`/J!3*,!./*,O=/.*2/5*!1*5+2.9!y = 150x – 0,5x3!8*=9,\

y2 = 1500 sin (2π.1000.t) – 500 (sin2π.1000.t)3

H*,!7/,82.800/8.22=!P6R*S+]/*,!*57/,!2=0!**.!f2?8*K=2,,*e!0/.70(!H*,!/.82.800/8.22=!/0!
9<<5!9*!./*,O=/.*2/5*!/.82.80O7/,82.80-252-,*5/0,/*-!1*51<569(
H*,!/0!**.!1<<5+**=9!12.!3256<./0Q3*!1*51<56/.8(!H<8*5*!3256<./0Q3*.!]7==*.!.7!
/.!3*,!7/,82.800/8.22=!22.4*]/8!]/J.(
H*,!,4**9*!1<<5+**=9!+*,5*j!**.!026*.8*0,*=9!0/8.22=!12.!,4**!0/.701<56/8*!,5/=O
=/.8*.!12.!&BB!H]!*.!'BB!H]!6*,!**.!26K=/,79*!12.!&!**.3*9*.(

x(t) = 5 sin (2π.500.t) + 5 sin (2π.600.t)

)/,!0/8.22=!4<59,!9<<5!**.!1*50,*5-*50[0,**6!8*=*/9!6*,!5*0K*Q,/*1*=/J-!**.!,52.0?*5O
-252-,*5/0,/*-!12.\

y = 150x  en  y = 150x – 0,5x3
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W/.*2/5*!*.!./*,O=/.*2/5*!1*51<56/.8

':

A.!3*,!**50,*!8*12=!]2=!3*,!7/,82.800/8.22=!K5*Q/*0!9*]*=?9*!1<56!3*++*.!2=0!3*,!
/.82.800/8.22=E!2==**.!3<.9*591/Jj/8!-**5!0,*5-*5(!A.!3*,!,4**9*!8*12=!+=/J-,!9*!1<56!
12.!3*,!/.82.800/8.22=!2?!,*!4/J-*.\!9*!,<KK*.!]/J.!2?8*5<.9(!)*!,4**!852?/*-*.!]/J.!
<1*5!*=-225!3**.!8*K5<J*Q,**59E!]<92,!3*,!1*50Q3/=!]/Q3,+225!4<59,!!+#,'"#$%%&'-)(
d*,!+*37=K!12.!**.!4/0-7.9/8*!+*4*5-/.8E!9/*!T<75/*5O,52.0?<562,/*!3**,E!-7..*.!
4/J!9*!0K*Q,52!12.!+*/9*!0/8.2=*.!+*K2=*.(!H*,!0K*Q,576!12.!3*,!0/8.22=!92,!2==**.!
6225!"BB!-**5!/0!1*50,*5-,!1<=8*.0!P,b,-88\!+*0,22,!7/,*52259!2==**.!7/,!9*!,4**!
?5*U7*.,/*0!12.!"BBB!H]!*.!"#BB!H](!H*,!1*50,*5-,*!7/,82.800/8.22=!12.!9*!1*50,*5-*5!
6*,!9*!/.82.80O!!7/,82.80-252-,*5/0,/*-,P,b,-58\,",8`5\9!8**j!**.!0K*Q,576!6*,!%!
0/.701<56/8*!,5/==/.8*.(!A.!3*,!0K*Q,576!]/J.!9*!0/8.2=*.!6*,!?5*U7*.,/*0!12.!"BBB!H]!
*.!"#BB!H]!3*,!0,*5-0,!22.4*]/8(!)*!2.9*5*!,4**!0/8.2=*.!C/.!9/,!8*12=!##!9`!]42--*5F!
]/J.!0/8.2=*.!6*,!?5*U7*.,/*0!12.!@BB!H]!*.!"%BB!H](

a692,!4*!/.!3*,!
1<<5+**=9!**.!0K*Q/2=*!
,52.0?*5-252-,*5/0,/*-!3*++*.!
8*-<]*.E!]/J.!*5!6225!,4**!
1*51<56/.80K5<97Q,*.!
22.4*]/8!6*,!9*!?5*U7*.,/*0,
6(-,c,(6,0",6(6,c,(-(!!
H*,!0K*Q,576!/0!4**58*8*1*.!
/.!"#$%%&'./
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!"#$%&'$&(#"#$)

K"'56/604'$86':8&'$&800;6':8&@:E$&'4$)/:?'&6#$8:5#C)9&H''"&078'4'$B&A##4&00%&
)/''8)&A''4&E0$?'4'$&6'11'$&/'&A#%'$&A'/&?'6004C401"'A'$9&S'&#78:0"0?:'&
6078/&@:56&1'@:?&A'/&8'@'&C401"'A'$T&A'/&6'/&0C)C04'$B&0$8'4@0'%'$&'$&
1'6#$8'"'$&'42#$9&P0%&8'&C4'2'$/:'&2#$&)"'56/604'$86':8&'$&8'&4'2#":8#/:'&2#$&
)"'56/604'$8'&0;&802'&%:$8'4'$&'$&20"<#))'$'$&604'$&1:E&6'/&2#%?'1:'8&2#$&8'&
#78:0"0?:'9&S##41:E&<048/&?'147:%?'A##%/&2#$&#78:0A'/4:'T&6'/&A'/'$&2#$&6'/&
;7$5/:0$'4'$&2#$&6'/&?'60049

1/&'2$)'$3&/&'4&:)&''$&1#):)10'%&2004&8:/&2#%?'1:'89&`'/&1:'8/&%'$$:)&02'4&?'"7:8B&
02'4&8'&<##4$'A:$?&'42#$&'$&02'4&6'/&?'600404?##$B&2#$7:/&$#/774%7$8:?'&
'$&#$#/0A:)56'&:$2#")60'%9&`:'41:E&":?/&8'&$#847%&0C&6'/&0$8'4@0'%'$&2#$&
6'/&?'6004C401"''A&'$&6'/&%0A'$&/0/&8'&E7:)/'&1'6#$8'":$?9&Q'4)/&%0A'$&8'&
':?'$)56#CC'$&2#$&?'"7:8&'$&#78:/:'2'&<##4$'A:$?&##$&8'&048'9&H'420"?'$)&
<048/&:$@:56/&?'?'2'$&:$&8'&;V):0"0?:'&'$&#$#/0A:'&2#$&6'/&004&'$&:$&8'&
A#$:'4&<##40C&?'"7:8)?0"2'$&6'/&004&1:$$'$%0A'$9&P0%&6'/&7:/20'4'$&2#$&
#78:0"0?:)56&0$8'4@0'%&<048/&1')C40%'$9&R'$&)"0//'&<048'$&8'&C4'2'$/:'&2#$&
?'6004)/004$:))'$B&8'&)C4##%C'45'C/:'B&8'&1'?:$)'"'$&2#$&60044'2#":8#/:'&'$&
2')/:17"#:4&0$8'4@0'%&1'6#$8'"89

1/&'2$)'$3&/&'4&:)&?')564'2'$&2004&M##$%0A'$8'N&%$0D#4/)'$B&%":$:)56&;V):5:D&
#78:0"0?'$B&"0?0C'8:)/'$B&#78:5:'$)&'$&)/78'$/'$&2#$&:'8'4'&#$8'4'&0C"':8:$?&
A'/&''$&#78:0"0?:)56'&50AC0$'$/9

^64:)&_9&2#$&_:?/'$1'4?&:)&%":$:)56&;V):57)D#78:0"00?&'$&47:A&8'4/:?&E##4&#")&
&8:4'5/'74&2'410$8'$&?'<'')/&##$&6'/&#78:0"0?:)56&5'$/47A&2#$&8'&&
.40;9&b9b9&c40'$&K/:56/:$?&/'&3A'4);004/9&`'40&.9&U:/&<#)&600?"'4##4&#78:0"0?:'&
##$&6'/&378:0"0?:)56&W$)/:/77/&2#$&8'&%$0D#;8'":$?&2#$&6'/&35#8'A:)56&
]:'%'$67:)&c40$:$?'$&M$7&Oa^cN9&(':8'$&@:E$&8##4$##)/&1'/40%%'$&?'<'')/&#")&
:$:/:#/04&'$&805'$/&1:E&/#"&2#$&0C"':8:$?'$&'$&"''4?#$?'$&0C&#78:0"0?:)56&?'1:'89
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