
Physi
s 123 se
tion 2 CIDHomework 23 S
ore / 301. (8 pts) While you are pra
ti
ing the piano, a 
ar ra
es past outside. You noti
e that as the 
ar approa
hed, theengine made a noise whi
h was almost exa
tly in tune with a middle A (440.0 Hz). After the 
ar passed, thepit
h dropped down two half steps to a G. How fast was the 
ar going? Assume that the piano is tuned to anequal temperament s
ale and that the speed of sound is 343.0 meters per se
ond.2. (10 pts) Guitar players often tune their instrument using harmoni
s. Imagine that I use an ele
troni
 tuner totune my low E string to 164.814 Hz, pre
isely the 
orre
t frequen
y for an equal temperament s
ale referen
edto a frequen
y for middle A of 440 Hz. Now I tune my next string, the A string whi
h is 5 half-steps higherin frequen
y, using harmoni
s. I do this by lightly tou
hing the E string 1/4 of the way from the end of thestring and lightly tou
hing the A string 1/3 of the way from the end of the string. I then play both strings andadjust the A string to make the beat frequen
y as low as possible. If I tune the beats 
ompletely away, how faro� (in Hz) will the frequen
y of the A string be from the ideal frequen
y for this string a

ording to the equaltemperament s
ale?3. (6 pts) The lowest string on a 6-string guitar is usually tuned to an E at a frequen
y of 82 Hz (to two signi�
antdigits). (a) If this E is referen
ed to an equal temperament s
ale for whi
h middle A is 440 Hz, what is thefrequen
y of this E to three signi�
ant digits? (b) Sometimes guitar players will loosen the tension in this stringto drop it down two half-steps to a D to hit lower notes in a parti
ular song. This is known as �drop D tuning.�What is the frequen
y of the D just below the E you found above? (
) By what fa
tor do you need to redu
ethe tension in the string to go from the E down to the D?4. (6 pts) Find a big building with a very �at wall on one side whi
h is far from other buildings (the Tanner building
ould be a good 
hoi
e). Stand outside the building a good distan
e from the �at wall. Clap your hands. If you
an't hear the e
ho you are too far away. If the e
ho 
omes ba
k too fast, you may need to move further awayfrom the building. Now start 
lapping at a regular rate, and adjust the rate of your 
lap su
h that the e
horeturns exa
tly half way between your 
laps (so that you hear a regular rhythm of 
lap-e
ho-
lap-e
ho-
lap-e
ho,et
.). Now use a wat
h to measure the time for 30 
lap-e
ho pairs, and estimate the distan
e from you to thewall. Use this to 
al
ulate the speed of sound.Extra problems I re
ommend you work (not to be turned in)- Find a piano. Push down the sustain pedal. Clap your hands and listen to see whi
h is the highest note ex
ited byyour 
lap. Now use the un
ertainty prin
iple to estimate the duration of your 
lap.- Find a piano. Push lightly on one of the lower notes su
h that it doesn't make a sound. While holding down thatkey, brie�y strike the note whi
h is one o
tave higher. You should now hear the lower strings os
illating at thefundamental frequen
y of the higher strings. Now strike and hold the higher note. Chan
es are you will hearbeats. Why?


