ANGELO ANTONA

1

Angelo Antona



OSCILLATORS
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cillator driven by a force F(t) = Fycos(2t) and oscillating with a velocity

)
trate that the po cd by the force can be decomposed into an active and a reactive part and
xplicitly write thei
b) Bre iefly describe thei
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Write the one-dimensional differential equation for the linear motion of a mass M subject to an elastic
restoring force (spring coefficient k). Derive analytically the expression for its resonance frequency.
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Problem 1 (7 points)
Write the differential equation for the motion of a mass M subject to a elastic restoring force (spring coefficient k) and a

viscous damping (damping coefficient B). Demonstrate that the amplitude of its free oscillations is exponentially damped
over time.
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~_ Problem 1 (7 points)

| Derive the for the

| Consider a harmonic oscillator of mass M =100 g subject to an elastic restoring force (spring
cocfficient & = 10 N/m) and a viscous damping (damping cocfficient p = 0.1 kg s™).
. hanical imped of

the and its value for a

~ frequency of 10 Hz.
— [Hint: recall that the mechanical impedance for a resonator subject to

an external force F is defined as Z=F/v, where v is the velocity of the mass]
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STRINGS
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Derive the differential equation describing wave propagation in a one-dimensional infinite string of
linear mass density p subject to a tension 7. Calculate the propagation velocity for a wave on a string
characterized by 7=35 N and p =2 g/m.
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Problem 2 (8 points)
Consider a string of linear mass density psubjecttoa )
tension 7. The string has a length L and is rigidly fixed

at the two extremities. Starting from the general
solution of the wave equation for the string and I
considering the reference frame in the figure, apply the

proper boundary conditions to derive the expression 0 L
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WAVES PROPAGATION
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Consider a wave propagating along the x direction with velocity v.
a) Demonstrate that its most general expression takes the form f(x + vt).
b) Discuss the meaning of the + and — sign.
c) Verify that the wave function satisfies a one-dimensional wave equation.
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WAVES IN FLUIDS
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where pror is the mass density, p is the pressure, and vy is the velocity of the fluid.
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Demonstrate that the mass balance for a fluid volume confined between the planes located at x and x+dx can 5 .
be written in the form of a dffmnth ion as. Wc: ‘*IE 'fw]wv nﬂ\uJ«l‘j} &J

|
9pror v, _dp F ‘f‘ u...\,muJuJA s vw-UnPn
Uy —Pror 5. =37 | ,
Tox ox ot i ¥ Pp -3 .
where pror is the total mass density, p is the mass density variation due to wave propagation, and v, is the [ i iy iy i gy s s o g ey

i e
-Uku.Abwmm,gmm.,Lm;wmm,ﬁ.a,gm& et {50

* Wl e e s e Rt e Sl 151; TR e
-wau..dbwtﬂ.mmy.«& ﬁ.t,....Je A,m L‘l&(lt)s Ll&(xclz,t)s

.mmaﬁf‘,mts,ﬂ, Wmﬂu LW(XJ%OS,JM*HL‘&(X&IL)S [_g:;(x,t) _f;?“‘i&]

° Mmmm&dn@, urw_wun,u»cwvn

ajgv;(z,e} b s_,f— F AN g;:(x,e)) %}/ /{,V,%L b(ﬁbw(x,t)) 2
v.,a.t,.%' L‘_a‘gn g BL
23

ax




Problem 3 (7 points)
Demonstrate that the force and mass balances for a fluid volume confined between the planes located at x and x-+dx
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can be combined, after suitable s d-order differential wave equation. State
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Problem 2(10 pomts)
Consider two counter-propagating pressure sound waves that can be written as
p(x, t) = Aej(wt—kx) 4 Bej(u)t+kx)
and propagate in a fluid with average mass density po.
a) By using the proper differential equation, calculate the expression for the fluid velocity vy(x,1).

b) Derive the values for the characteristic impedances of the two (forward and backward) waves.
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POINT SOURCES
€ Relstion boliween Q ond A demsity T {

Consider a harmonic spherical pressure wave p(r, t) 2gilwt=kr) propagatmg away from a
monopole point source of volume velocity Q(t) = Qoe’/“*
a) Derive the relation between the amplitude Qo of the volume velocity and the amplitude A {r
of the spherical wave.
b) Calculate the time-averaged intensity of the spherical wave as a function of the volume
velocity Qo.
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INTERFERENCE.
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Problem 1 (4 points)

Consider two time-periodic signals p ing the following expression in complex notation, where 4 is a real number:
5;(t) = Aei@-dw)t
5,(t) = Aed@+bo)t

Demonstrate analytically that when the two signals interfere their amplitude is modulated as cos(Aw t).
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Problem 3 (11 points)

Consider a dipolar source made of two point sources at distance d with volume velocities Q; , = +Q0e/%t (O
being a real number):

a) Derive the approximate expression for the spherical pressure wave p(r,f) generated in the far field
(r>ad).

b) For A =d, find the angular position of the maxima and minima in the radiation pattern (please clarify
with a drawing the direction of the angular position 8= 0 for reference).

6. %‘uon Q1=Q°'ij“¢-4 QJ_='QQ€MMJHMDM’W5rgM7&MnJWHKW F_lfﬂ'l’ Q
Uk e b in o bk fi R Bt Uk con e B cqtion o fllo:

J(wt ’l(r)

Qe}(w:.kq) Qoeﬂucokq)'
Lm'r

g @
Jen) _ jKe)\ i) J('([Q we]) .J(K e .;(uu)
lm'& <Q’ Q’ > &_i <Q’ El ki ])
2. eae) | MR- e\ iwrexk) L (Wt +eR)
_?Z:rQD JQJ 7 —J'-CJ(KE e,)(wn K =_j,on Z’Mm(k CA(O)) St
L Qew- Q JwrexR)

:im(x)=47_—"'eji°-h) 2— n (k cé(a))

© « T maime. ou Lucalied chine i (k-'—f—-m\(a))=zi—' k-zl{-CA(e);:r—r'mTr—r K}V- cA(O)—%*my
m=0—>0=' 3 <—<¢\(e) 1 +m

m--!—Pe-.
m:0—p2 I‘
m:{ —>0
mz=—>7



DOPPLER  EFFECT
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Problem 4 (6 points)
Consider a point source emitting a spherical sound wave of frequency f and moving away from an
observer with velocity Vs (the observer is fixed in the reference frame of the fluid).
a) Derive the expression for the frequency perceived by the observer.
b) Is the perceived pitch higher or lower than the one perceived when the source is not moving
away from the observer?
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RS PIPES

Problem 4 (8 points)
Consider a pipe of length L = 40 cm, terminated with one open end and one rigid wall
a) Calculate the fundamental resonance frequency of the pipe.
b) Determine the input impedance at the open end of the pipe as a function of frequency.
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