DAY 18 - Homework

A0 275
AO#E 29135
1. When you tune a cello or other BO 30888
stringed instrument, you C1 32703
increase or decrease the tension := 01 36703 Cix sdBn
in the strings. You do not E1 41202 D288
change the length of vibrating F1 43654 e
portion of the string. G1 48.999 ;
Therefore, you do not change the A1 5500 EhL R
wavelength of the fundamental or Al 52270
, E1 B1735
any of the harmonics. el
Nonetheless, the frequency of := : C2# 59208
the string changes. What N2 13416 Oz# 77.750
property of the waves on the B2, /82l
string must you be changing when Fﬁi :35"':; Fou a2 439
you change the tension? . G2# 105.83
AZ 11000
AZ# 116 .54
2. In the figure at right is shown Beslasdr
all the notes of a piano, along Lea ol C3¥ 13559
with the frequencies of those Nacdae8s D34 15556
notes (given in Hz). E3 184.81
| F3 17451 e R
Asdstated 12 exampie #1 for . G2 196.00 s
toda ]
y, sound travels at ?oug v A3 22000 RN G
340 m/s and a tube that is open B2 24584
on both ends has a fundamental Middle C 4 281 E2 AR
with a wavelength twice the := 04 29066 :
' Dd# 31113
length of the tube. E4 0962
. , F4 34923
You decide to create a musical S Fa# 38333
instrument from PVC pipe that : Gd# 441530
, , Ad 44000
uses fundamental vibrations of e Ad# AEE 1R
the air in the pipes to produce :
. C5 52325
sound. Determine the lengths of CE® 55477
pipe required to produce all the D5 58733 O5# 622 95
notes between C3 and C5 on the ES 5325
piano. Make a tgfscale dl?aw1ng ;55 i?;-*;z Fe4 720.99
Qf this set of pipes. Tbl? . - A
instrument would be a primitive A5 SR0.00
. AS# 93233
pipe organ. BS 937.77
CE 10465
. i i i 05 1174.7
3. The speed of sound in air is a HERT
function of temperature. One EE 13185
approximate equation for this is F& 13363
GE 15580 FE# 14200
T . A6 17E0D GEH 1651.2
v=(331m/s) 1+ijs BE 19795 AT
273°C C7 2083.0
= 07 23493 CT# 221745
What problems will this cause ET 25370 D& 24530
for your organ in problem 27 F7 2792.8
S F7# 2360.0
o e GTH 33224
4. A stiff wire is clamped on one BT 2951.1 AT# 3729.3
end, and free on the other. The C2 44260
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boundary conditions in this system are that there is a node at
the clamped end and an antinode at the free end. Sketch some of
the standing waves possible in this system.

Determine an equation for the wavelengths of standing waves in
the above system:

A = o ?

A string clamped at both ends resonates in its 3*® harmonic when
driven at 200 Hz. What other frequencies will produce resonance?
Do not go above the 5" harmonic.

What do you notice about the frequencies of the notes on the
piano? Discuss whether the following is true - every A note on a

piano can in theory be obtained from a string with fundamental
frequency feyyp = 27.5 Hz.

A wave of wavelength A, period T, and phase angle ¢ = 0 that is
moving to the right is given by the equation

f(x,t)= Asin(%[x—z?ﬂtJ

Another wave with the same wavelength and period and phase angle
that moves to the left is given by the equation

27 27
X, )= Asin| — x+—t1
g(x,1) (/1 T j

Now, determine y(x,t) = f(x,t) + g(x,t) to get the equation for a
standing wave. Discuss your results.

HINT —-- Sum formulas for sine and cosine

sin (a + b) = sin a cos b + cos a sin b
cos (a+ b) =cos acosb—sinasinb



