
  
Test #2 - April 23, 2004 

 
Before beginning the test please enter your name, last name first (both in letters and by 
blackening the letters in the columns under the name line) and your social security 
number (enter the numbers without hyphenation, leaving line J blank).  
 
Each question is on a line numbered from 1 through 100.  You are to answer each 
question either in the affirmative (Yes, True) or in the negative (No, False) by blackening 
either response A/1 for affirmative or response B/2 for negative.  Leaving an answer 
blank or blackening responses C/3, D/4, or E/5 are not correct answers.  Your score is the 
number of correct answers, so guessing may help. 
 
 
Fruits used in grandma’s old-fashioned apple-raisin pie include: 
(1)  apples. 
(2)  passion fruit. 
(3)  sugar. 
 
 
Consider the set of Fourier spectra on Pages 6 and 7 to answer the following questions.  
The vertical and the horizontal scales for all spectra are identical.  Harmonics are shown 
up to about 4000 Hertz, although the amplitudes of some components may be too small to 
be seen on these graphs.  Any existing pattern will continue beyond that point. 
 
(4)  Spectrum (a) is that of a sine wave. 
(5)  Spectrum (b) is that of a triangular wave. 
(6)  Spectrum (e) is that of a pulse train 
(7)  Spectrum (i) sounds more like a clarinet than a crumhorn. 
(8)  Spectrum (f) has a timbre similar to spectrum (a). 
(9)  Spectrum (g) sounds more like a clarinet than a recorder. 
(10) Spectrum (h) belongs more to a violin than to a clarinet. 
(11) Spectrum (j) might be the vowel sound “oo” sung by a male voice. 
(12) Spectrum (k) might be the vowel sound “ee” sung by a male voice. 
(13) Spectrum (n) is a sawtooth wave. 
(14) Spectrum (o) is missing its fundamental. 
(15) Spectrum (p) is missing its fundamental. 
(16) Spectra (c) and (g) are likely to have similarities in their timbre. 
(17) Spectrum (c) is a louder sound than spectrum (a). 
(18) Spectrum (n) sounds one octave above spectrum (m). 
(19) Spectrum (m) illustrates a formant region. 
(20) Spectra (o) and (p) sound at the same pitch. 
 
The following elements help to distinguish the sound of a piano from that of a soprano 
voice: 
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(21) decay transients. 
(22) vibrato. 
(23) inharmonicities. 
(24) the chorus effect. 
 
Regarding various types of noise: 
(25)Noise does not have a Fourier spectrum. 
(26)White noise falls off at 3dB per octave. 
(27)White noise passed through a bandpass filter is called pink noise. 
(28)White noise filtered by a bandpass filter sounds like whistling wind as you change 
the frequency of the filter. 
 
(29) A Helmholtz resonator is different from an open tube in that it has an isolated low-

frequency resonance with no low-frequency harmonics. 
 
The acoustical properties of the following derive in part because each functions as a 
Helmholtz resonator: 
(30) the bass jug of a bottle band. 
(31) a seashell held against your ear. 
(32) a flute. 
(33) a glass sphere with a large neck and a smaller nipple on opposite sides. 
(34) the air cavity of a violin. 
(35) a twirl-a-tune. 
(36) your nasal cavity. 
 
Consider the set of modulation signals at the bottom of page 5 to answer the following 
questions. 
The following figures: 
(37) Figure (1) is an example of amplitude modulation. 
(38) Figure (2) is an example of amplitude modulation. 
(39) Figure (3) is an example of frequency modulation. 
(40) Figure (7) is an example of pulse width modulation. 
(41) Figure (5) is sometimes called ring modulation. 
(42) Figure (4) is the wave form of beats. 
(43) Figure (6) is a uniquely electronic sound. 
(44) The type of modulation shown in Figure (6) is used to obtain tuned percussion 

sound. 
 
(45) Analog musical synthesizers derive their wave shape by filtering one of a number of 

standard waves produced by the voltage-controlled oscillator (VCO). 
(46) FM digital musical synthesizers derive their wave shape by frequency modulation of 

a sine wave by the same sine wave. 
(47) A low-pass filter removes low frequencies while allowing high frequencies to pass. 
(48) A bandpass filter allows only a band of frequencies to pass. 
(49) The Q of a bandpass filter gets higher as the range of frequencies passed by the filter 

is decreased while keeping the frequency of the filter the same. 
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(50) When a musical synthesizer key is pressed, a signal is sent to the voltage-controlled 
oscillator telling it what frequency to produce. 

(51) Using a MIDI system, a computer can write down music played into it on a 
keyboard. 

 
(52) The three ossicles are the Nina, the Pinta, and the Santa Maria. 
(53) The resonant frequency of the ear canal acting as a closed tube 2.5cm long is around 

3450 Hz. 
(54) The ear drum drives the hammer in the bone chain between the ear drum and the 

oval window of the cochlea. 
(55) The stirrup contacts the oval window to transmit the vibration to the fluid within the 

cochlea. 
(56) Muscles attached to the bone chain introduce non-linearities in the signal transmitted 

to the cochlear fluid. 
(57) The place theory of hearing refers to the fact that much of the hearing process takes 
place in the three semicircular canals. 

(58) The response of the nerve endings along the basilar membrane is rather wide even 
for a pure sinusoidal tone. 

(59) The critical band is slightly smaller than the limit of frequency discrimination. 
(60) The just noticeable difference in frequency is smaller than the limit of frequency 

discrimination. 
(61) The critical band decreases as harmonics are added due to Ohm’s law of hearing. 
(62) The limit of frequency discrimination decreases as harmonics are added to the two 

tones, due to the effect of sharpening. 
(63) The pitch of a rock band rises during a concert due to the effect of sharpening. 
(64) The intensity just noticeable difference is about one decibel over virtually the entire 

frequency range and intensity level within the range of human hearing. 
 
Referring to the Figure at the top of  page 5 showing equal loudness contours:  
(65) Point (a) has an intensity of about 10-6 watts per square meter. 
(66) Point (b) has a sound intensity level of 40 dB. 
(67) Point (c) sounds louder than point (d). 
(68) Point (e) cannot be heard by your average human. 
(69) Point (f) sounds the same loudness as point (a) to the average human. 
(70) Point (g) sounds softer than point (d) to the average human. 
(71) The dynamic range of the human ear is about 120 dB. 
(72) 120 dB corresponds to a factor of about 106 in intensity. 
(73) The vertical scale is linear in intensity. 
(74) The horizontal scale is logarithmic. 
(75) Zero phons is the loudness level of a 0 dB signal at 1000 Hz. 
(76) The unit of loudness level is the decibel. 
 
 
Suppose that tones of 300 Hz and 400 Hz are sounded together at a loud level. 
(77) A difference tone of 100 Hz may be heard. 
(78) A difference tone of 200 Hz may be heard. 
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(79) A sum tone of 300 Hz may be heard. 
(80) A sum tone of 700 Hz will be present but cannot be heard due to masking. 
(81) All sum and difference tones that can actually be heard are members of the overtone 

series of the fundamental note 200 Hz. 
(82) Sum and difference tones are created in the ear mechanism. 
(83) Difference tones are linear effects explained by the law of superposition. 
(84) Difference tones account in part for production of low frequencies by very small 

loudspeakers. 
 
(85) Binaural beats occur when you listen to a fundamental tone and a second harmonic 

that is slightly detuned so that it continuously changes phase. 
(86) Diplacusis refers to the problem where one ear hears sounds much more loudly than 

the other. 
(87) Lateral location of low frequency sound sources uses the phase difference between 

the ears. 
(88) Lateral location of high frequency sound sources uses the phase difference between 

the ears, where the phase ambiguity is resolved by the process of indivation. 
 
(89) There is lots of evidence to show that hearing loss can be caused by exposure to loud 

sounds or eating too much broccoli. 
(90) Tinnitus refers to widening of the critical band with age. 
(91) Presbycusis can generally be corrected through use of a hearing aid. 
 
(92) The vocal tract functions as an open tube of length about 17.5cm. 
(93) Opening the lips increases the effective length of the vocal tract tube, causing the 

resonant frequencies to rise. 
(94) Resonances in the vocal tract lead to formants in the voice. 
(95) Vocal formants are fixed in frequency and determined by the shape of the throat. 
(96) A graph of the amplitude of various frequencies of the voice as a function of time is 

called an audio spectrogram. 
(97) Audio spectrograms can be used to identify vocal formants. 
(98) The singing formant allows the voice of a singer to project above a piano or 

orchestral accompaniment. 
(99) Your voice rises when you breathe helium because the fundamental frequency rises 

due to the lesser viscosity of helium compared with air. 
(100) The sibilant “s” sound consists primarily of noise. 
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