Mad 22501
(Carcel G714 Hooprblems)
§7.4-1.5

convy (b»#tﬂ‘b(‘cn laplace 'h'du«f)
t
£ ( M -
fxqlt) L $ (T glt-T) T
= ai‘}(t)

Theorenw
L {$xqwler=F5) Gl

Lrampls : Vm‘(-sa the thaorein~
fn H4) = siat
?({:) = ws t
L Yo may INTTS 'H'-L‘f‘hj ‘M%

st = Lotes2t )

| Fy |
EADETRAD
%
ot q
e /s'-a
LX)
£li(£)

47(4)

gt

t F
: J J)e '-%9
0

-Fs)
F (s
- Fm(s}

t £(t)

th £
18]
£ (ﬂ/‘t

et

wit-a) [ € /s

u({-a) f{t-<)} e

T . L N N i

FlsraGis)

<, F'(s) +‘?.Fl(‘)

|

s F(s)- fio)
S F(s)-sflo)- f’(o)
$? F(s) - Sm;{_(o)

JwF{cr)dr
s

E o day |

©
|

& is ligan \

- ResyRea

~5{0)~4"(0)



proot

Dif“ Lonrolubion Hzorgm °

(r\}‘?

s oa 3oao( R P 91[ g'{&aka{ I»\i.gj;.wq;}

I

: s ¢ +
I’, ?3(‘1«27}&) = { e {—'}\/J ,C['C}a(t-t)alf) it

N ok
j j e 3'—(1:}:3“:*1} dT dt
&

inbegra o ’T‘I /

re ?a‘k :

i %Mh«?}- E‘.Mv#s ;

o9 o

g g &5 %it-t}d‘adt

0 T
o7

o0 T ~5{¢~T)
_‘S S @ iz e %Lt»z}gtdc

{ pa Henin re_r«ojw\'fr.'m)
¢ T

o0

2
T
£ 51 1_ X e’ zit-t)dt] AT
T

T-t-T
4E =db
R S
}.S e 3“‘,)3\‘;
o

I

Gls)

\
J

4

freed

& L5k
= C-lis) j g Hdl
[

T GEYFG) H



! { . £ b &, sl
.i—\p?L«LAl—cﬁ% : 7Lm. any PN PN LN PSS tp e Livgan DE spbnn,
G ’ r ) 7 , s i
a2 15 A cmre L b mind faa¥ Fhe sote Lo, sk 'm, g_jm\ﬂ\(;.,ﬂ? fo vBnan b e

! ' ')! B
2= {)Ma_ymr;l.\_g b

example
e s ks HE)

Xlo}=x,

2e} T v,

¥ ’ X(s) [MST'rC_Si—k] = FG) +(§xu+vo)m + X C

o
Fis) (55,8 V) # %o
XYy = e b
m;1+cs+f< g 4+ L5 RIS

T T

wee  tonuvle fo—

#VMJQ }O in V("!’

Seberample

¢ )(“ e k= g(t}
Xlol =0
boxfe) = 0
e Wisy ($eiy= FU

w €)= — FG)

YA o
E‘% (t

gy = [Son ¥ ey = i freysalt-TV4T = | (sinT1f (20T
N ;

o 5

see handnt & p{a»]
fle vesHancwe Jame.




Math 2280-1
April 11, 2006 >ogistesint{f{ul u=0..0)-1.5;
Guess the resonance game, using convolution formuta, section 7.4 #this should be & triangie wave...
> withiplots):with(inttrans): 4
#the library inttrans includes Laplace . gi=t i.ﬁmia: - 1.5
We are considering the undamped forced harmonic oscillator 0
%11y + x(t) = f(1) " » plotig{t),t=0..30,cclor=black, title=‘triangle wave forcing
with initial data x(0)=v(0)3=0. When we take the Laplace transform of this equation we deduce function'};

Fs)
X{5)="3 triangle wave forcing function
541 15

so that the convolution theorem implies x(s}=sin * (1), Since the unforced system has a natural
3

angular frequency @, = 1 , we expect resonance when the forcing function has the corresponding period
2 G ¥ o, p 2

of 2 = Here’s a square wave forcing function: |
> fri=t->-1+2*gum({ (-1} "n*Heaviside{t-n*Pl) n=0..10}; .
#Heaviside was an early user of the unit step function o
fand so Maple names it after him ~0.5

10

fi=t—s=142 MT:_wxnmimwaﬂ?:ﬁ s

=l
> plot{fit),t=0..30,¢color=black,title="square wave forcing > yiztosintisin{t-tau)*gitas), tau=0..c);

function'j;

sguare wave lorcing function

yi=i— % sin(l—1) giT)dT
O

> plot(y(t), t=0,.30,color=black, title='resonance response?‘};

resonance response?

an

-1 L

> x:=t->intisini{t-tau)*f{tau), tau=0..¢); 5
#convolution formuls for the solution

7
ﬁn.;w%ﬂmri;i& "
9
> plot(xit),t=0..30,color=black,title="'resonance response?‘); 104
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> hiet-»-1+2*sum{ (~1)"n*Heaviside(t-n} . .n=0..30};
30
hi=t—~1+2 MTC: Heaviside(t - 1}
n=0
> ploti{h{t),t=0..30,color=black, title='forcing function'};

foreing function
o
|

S zizt-»int{gin{t-tau) *hi{tau}, tau=0..t);
plot{z(t},t=0..30,color=black,title="resonance response?')

]
i [ Tiﬁrdrsw%
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resonance _‘mmUO:mm_w

i

> k:=t->sum{Heaviside{t-4*Pi*n)-Heaviside(t-4*Pi*n-Pi),
n=0..5);

s
Com f e M (Heaviside(r — 4 n 1)~ Heaviside(t -4 n m— 1)}
nxb

> plat(kity,t=0..60,color=black, title="forcing function, periocd =

forzing function, petiod = 7
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> wizt->int{sin{t-tau) *k{tau}, tau=0..t};

)
Woim ! -y TE:;,S ki(1)dt

i
> plot{wtit),t=0..60,color=black,title= resonance response?'};

resonance response’
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Hey. what happened????
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ol Yo conddh also do ~Hus pro bl inplects:
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Fable:

So <t t:=1m,

x{wm)= O

x(am) =

};-15-’]_ = 7L

tew fo E2zr x(E) sdvts
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> plot({o/4*sin{2* )~
+pi/2*Heaviside{t-
vitle='turned off

l-Heaviside (c-2*Pi})
*Pilyrain{2*c), =0, .

o wie): Aws2t + R sinit

T E gl [P

0,.6*%P1,

agonance};

turned off resonance




