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Use a separate answer sheet for each question.

Question I

(1)

Winaz = \J/wg — h?/2

F/M

hy/w3 — h?/4

Ama;c =

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question I (Continued)

(5)
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Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question 11

0
(1) Given that u = —a—(b, the dimensional analysis gives [m/s] = % Therefore, the unit of ¢ is m?/s.
T m

(2) The sound pressure is given by p(z,t) = Poay = —poAwsin(wt — kz), and the particle velocity is u(x,t) =
0
_8_i = —Aksin(wt — kx).

(3) The instantaneous sound intensity I(z,t) is I(x,t) = p(x, t)u(z,t) = powkA? sin?(wt — kx). The sound intensity

is obtained by integrating this over one period.

powk A?
2T

_ powkA?
2

T
I(x) = —/ powkA? sin®(wt — kx)dt =
0

T /OT[I—COS2(wt—ka;)]dt:...

(4) The sound pressure level (SPL) is given by 10log,,(P/P.t)?, and the sound intensity level (IL) is given by
101og,(I/Ief), where P is the root mean square of p(t). For a sinusoidal wave, P = |p(t)|/v/2, P is the

reference sound pressure: 2 x 107° Pa, and I, is the reference sound intensity: 10712 W /m?.

2 4202 /2 kA2 /2
(4-1) - SPL = 10logy, (”OP—ZJ/> , IL = 10logy, (%)

ref

1
(4-2) If the two levels are equal, then £oc holds.

P2 Iref

ref

P2 =4 x 107" =400 x 1072 = poc X Les = poc x 10712

This approximates that poc = 400. Under typical room temperature conditions (around 15°C), this value
is approximately 415. Since ¢ = 331.5+ 0.61 x Temperature, the higher the temperature, the less accurate
this approximation becomes. In other words, the approximation holds better at lower temperatures.

(5) When two waves are superimposed, the result is:

¢(z,t) + ¢'(z,t) = Re [(Ae ¥ + Be/*)e/'] = ... = Re [\/A2 + B? 4+ 2AB cos 2kx - ejeej“t}

Thus, the maximum amplitude becomes |A + B|. Therefore, the amplitude of the combined sound pressure is
po(A + B)w. The difference in sound pressure level is given by:

2A BQ 2 2 2A2 2 2 A B2
10log,, <p0< + B)*w?/ )_mbgw (M)Zlmogm{( + >1

P? P? A?

ref ref

A+ B)?
Therefore, the sound pressure level increases by a maximum of 10log;, [%] [dB].

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question III

(1) Hz)=1— 2!

(2) Pole points z = 0 Zero points z = £1
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Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question III (Continued)

(4) Low-pass frequency = 4 kHz

(5) 0> f < 4 kHz
The amplitude frequency response  2|sin(m x f x 1073 /4)]
The phase frequency response — (7 X f x 103/4) + 1 /2
f >4 kHz

The amplitude frequency response 0

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question IV
(1) F' = IB¢
(2) F/'=192N
(3) V =0.153 m/s
(4) X =0.122 mm
(5) Zow = —j - 0.587 Q

(6) Zom = 0.2—j-0.6 Q

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question V

(1) Diffuse sound field: A sound field in which the energy density is the same at all points and the sound energy
arrives from all directions with equal probability at any given point.
Reverberation time: The time it takes for the energy in the sound field to decay to one-millionth of its

original value after the supply of energy into the sound field has ceased. In terms of level, it is the time required
for a 60 dB decay.

dE(t E(t dE dt t
(2) V% = —VL, N I In £ = —— + C (constant). Assuming F(0) = Ey at t = 0, we get:
T T T

InEy=C, .. E(t) = Ese /7. Letting T be the reverberation time, we define it by F(T) = Epe ™ 7/™ = Ey-107°.

Thus, T'= 76 1n 10.

(3) Mean free path: The average distance between the next impact of a particle or sound ray with sound energy
emitted from a sound source after it has impacted a room boundary.
VE EcSa 1 Sa o Sa
In this room, the following relation holds: — S a, and hence, — = 9 From this, we get «_ ﬂ,
T 4 T 4V lp, 4
4V

thus ¢, = —.
us 5

E(t) _ VdE(t)
T dt

(4) The power balance equation for a sound source with acoustic power W [W] is given by: W —V

1 Sa Sa

In the steady state, the right-hand side becomes zero. Using — = %, we get W = V%E. Dividing both
T

sides by the reference value Wy = EycAg, we have:

EcSa ESa 1 E a
W _ EcSa _ ESa =, . 10logy, w = 10log,, [ — | + 101og,, Sa — 10log;, 4
Wo E() AO

W,  4W,  EoA, 4

.. PWL = SPL + 10log;, (%) -6
0

Sa . . .
—. The first term inside the parentheses on the right-hand side
—a

represents the direct component arriving at the receiver from the source, while the second term represents the

(5) The room constant R is given by: R = 1

energy of the reverberant (or diffuse) component formed based on the ’original’ energy, which is the energy
emitted from the sound source until it first encounters a boundary.

KV KV KV Th—1T7 2Sa
Nl T = . Solving this system yields: S = — ! a
a

T — = . .
(6) To (S—S)a+055  Sa+505—a) T, 1-2a

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question VI
(1) h(n) = % {6(n) +35(n — 1)+ 35(n — 2) + 6(n — 3)}
(2) H(Q) = é {14+3e77 4+ 3729 4 792}

1 .
(3) The frequency response can be written as H(Q) = cos® (5(2) ¢~272 Then the amplitude and phase responses

1
are |H(Q)| = cos® (§Q> and ZH(Q) = —gQ, respectively.
(4)

[H(Q)|
1

[H(0)| =1, [H(m)| =0
The figure shows that this system is a low-pass filter which passes low frequency components.

(5)

ZH(Q)

1

0 Q

l
l
0 n

The figure shows that this system is a high-pass filter which passes high frequency components.

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question VII
(1) X' (w) = / z (e tdt = / x(t —to)e 7dt = / z(t)e Il g — e_jw“)/ z(t)e ¥t dt = e 7 X (w)

o0 o0 —00 —00

(2) Tt is shown below that the Fourier transform of e/**'z(t) is X (w — wy).

/ ejwot:p(t)e_jwtdt = / a:(t)e_j(“’_wo)tdt = X(w — wp)

o0 —00

(3) When z(t) = 1 in question (2), the Fourier transform of e/“°! is 27§(w — wy) and the Fourier transform of e~/«0!

1 . .
is 276(w + wp). Furthermore, from the relationship f(¢) = 5(6onlt + €' we obtain the Fourier transform
Fw) =7{d(w—wo) + 6w+ wp) }

. _ 1 B 2 1 . o ‘ _
rom e relations lp COS Wo = —(e t (& — —1q€ € 5 we O aln e rourier
(4) From the relationsh *(wot) {2(6 wot ”“°t)} 1 [eHt 49 4 o= Hwot) btain the F

transform G(w) = %ﬂ' {6(w — 2wp) + 20(w) + d(w + 2wp) }.

Ty Ty

1 1 [2 . 1 T Ty 2 T
5) S(w) = —e Wt = — Mt = — { JQW_JQW}:_ 2
(5) S(w) 5 Toe T _%e T e e Tow sm(2w)

Tt Tt T
(6) S(w) is the sinc function and S(0) = 1. S(w) = 0 when ?Ow = +m, +27, £37, ..., and ?Owl =1 and 70w2 = —T.

4
Therefore, Aw = w; — wy = Tﬂ is inversely proportional to 7.
0

Do not write on the back side of the answer sheet, or your answers will not be marked.
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Question I
To assess whether examinees understand how to analyze governing equations of single-degree-of-freedom

mass-spring-damper systems.

Question II

This question aims to assess whether examinees understand the relationships between velocity potential, sound
pressure, particle velocity, and sound intensity based on the wave equation, as well as whether they can perform
basic calculations involving decibels (dB).

Question III

This question measures the level of understanding of digital signal processing among examinees, as well as their
understanding of the relationship between discrete-time signal processing and continuous-time signal processing.

Question IV

To assess whether the examinees understand the mechanism of a moving coil-type electrodynamic transducer.

Question V

This question assesses the understanding of the properties of a diffuse sound field, a fundamental concept in
architectural acoustics, and whether the reverberation time—a representative acoustic physical index—can be
calculated using Sabine’s reverberation formula.

Question VI

This question aims to assess the level of understanding of digital signal processing required for the master’s degree
research.

Question VII

This question aims to assess the level of understanding of acoustic signal processing required for the master’s degree
research.
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