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S*C*siﬂ{Z*t)wﬁeaviside{tm2*Pi}*(t*Z*Pi}/é*siniQ*t),

r > plotl:=plot(.2
: t=0..15,color=black):
=plot(t/4,t=0..2*Pi, color=plack, linestyle=2):

plotZ:
plot3:
plotéd:

ploth:
display{{plotl,p

turned off'};

:plot{—tfé,tmo..2*Pi,co}or:black,linastylezE}:

zplot{PiKZ,tmz*Pi..15,color=black,linestyle:Z}:

zplot{—Pi/E,tz2*Pi..15,colorzblack,linestyle:Z):
lot2,plot3,ploté,plots}), title="resonance

resonance
turned off
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Math 2280-1

Guess the resonance game, using convolution formula, section 7.4
s> with{plots) :withiinttrans}:
#the library inttrang includes Laplace
We are considering the undamped forced harmonic oscitlator
X7 ) a0 =
with initial data ROE=v(h=0. When we take the Eaplace tansform of this equation we deduce
1 F)
S+l
s that the convolution theorem implies x(2)=sin * §1). Since the unforced sysiem bas a natural
anguinr frequency &, = 1, we expect resonance when the forcing function has the cormesponding period

X(5)=

of === 27 We will discover that there s a surprising possible error i1 our seasoning.
W,
i

Foxarmple 1t A square wave forcing function with amplitude 1 and period 2 m Let’s 1alk about how we
came up with the formala {which works wmidr= 1T ).
> fri=t-m-le2*suml (-1} "n*Heaviside {t-n*Pi) ,n=0..10);
#RBeaviside was an eayly user of the unit step function
fand so Maple nam it after him
14
Frrey—1+2 M {-11" Heavisider— n %)
sl .
> plot (Filt),L=0. .30, color=biack,title square wave forcing
functiont};

square wave forcing function

30

2

s owiwmt-owint {sinf{o-tan) *f (taw), tan=0. .t}
Hoenvolution formula for the solution
s
i HMMLW sin{r~ 1181y d
it

You actually coultt use the convotution formula 1o work out x(t} by hand, if you wished to do so!

> ®x{t}; #you actually could work this out by hand!
-1 -2 Heaviside(r -3 5} + 2 Heaviside(7) — 2 Heaviside(r — 3 ) cog} - 2 Heaviside(r} cos(r}
+ 2 Heaviside(t — 4 ©) — 2 Heavisidets - nt) — 2 Heaviside(s ~ 4 1) cog(t) ~ 2 Heaviside(r ~ ®) cos(r)
- 2 Heaviside(r — 5 m3+ 2 Heaviside(t -~ 2 1) ~ 2 Heaviside(r - 5 ) codn)
— 2 Heaviside(r — 2 mycox(ry + 2 Heavistde(r - 6 m) ~ 2 Heavisidelr - 2 wicosn)
- 2 Heaviside(t — 6 n) cos(ry+ 2 Heavisidels ~ 10 #) ~ 2 Heavisidel - 7 1)
~ 2 Heavisidetr — 10 wycosfn) —~ 2 Heaviside(r — 7 nicox(z)+ 2 Heavisidelr — 8 )
— % Heavisidelr ~ 8 1) cos )~ 2 Heaviside(z — 9 1) + cowr)

As expected (7), we get resonance.

= plotix{t}l,t=0..30,color=hlack,title="regonance response?‘};

i

YESONANGE eapense’

i
it .
10
5 .
o 10 5 20 25 ] 30
s ! g
-1
-15




©

Example 2, triangle wave forcing function, same period.
»oger=t-zint{f(u),u=0, .} -1.5;
#this should be a triangle wave...
-t
g = Nl,; fludode - 3.3
]
= platiglie], t=0..30,colorehlack, vitl

‘triangle wave forocing

funcrion

triangle wave forcing function

i

Wy s L w8 . 25 30

tewint (sin(t-taw) *aitan)  taus=0. .t} ;

I
: i,zv%zw:: ..... eigl{Thdt

it
s plot{y{t},t=0..30,colorsblack, title='resonance vesponse?’);

TRSONGNCE wmwm.uojwmw\.m

£ -« .19 % 1§ te0 | 2% | m

ixample 3: Now ler’s force with a period which is not the natural one. This square wave has period 2.
> ho=t-»-1+2%sum{ (-1} "n*Heaviside {t-n},n=0..30);

e
R ] M (-13" Heaviside(t - n)
el
> plot{h{t}, t=0..30,color=black, title="forcing function');

forcing function

> zr=t-zint{sini{t-taul*hitaul, tau=0,.4);
plotizit) t=0. .30, color=klack, title="resonance response?’);

L
R w nfr -t T dt
]

resonance ..mm_uo:mm‘.w
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Example 4: A square wave which does not have the natural period, so we don’t expect resonance?
> ki=t-wsum{Heaviside (t-4%Pi¥*n} -Heaviside (c-4*pi*n-Pi),

n=0..5};

A z (Heaviside{t — 4 n m)— Heaviside(r —~4 n T — T

n=1;
> plot {k{c), =0 .60, color=black,title="forcing function, paeriod

-l

. forcing function, period = 7
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s wi=t-sint (sin{t-tau) *k{tau) , tau=0..L};
i
w:mf——%jsin{f—ﬂ{)k{f)d@

)

> plot (wit),t=0..60, color=black,title="'resonance response?');

resONAnce response?
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Hey, what happened???? How do we need to modify our thinking if we force a system with something

which is not sinusoidal, in terms of worrying about resonance?



