Problem 1 Exam | ‘fa_prmzj o4

A pipe organ consists of a tube with length L= 3.0 m, with the left end closed and right end open (see

figure).

(a) Sketch graphs showing the air displacement Zi(x) as a function of position along the tube for the
longest three wavelengths A, Az, and A of waves produced by the pipe. Calculate &y, Az, and Aj. (9
points)

(b) Caleulate lowest three frequencies i, f3, and fy produced by the pipe. (3 points)

(¢} Calculate the wavenumber k; and angular frequency @, for the longest wavelength mode produced
by the pipe. (4 points)

(d) In the lowest frequency mode the displacement amplitude is 2.0 ecm. The closed end of the pipe is at
x=0.0 m and the open end is ot x=3.0 m. At time t=0, displacement along its entire length of the pipe
is zero. 'What is the equation Z,(x, t) representing the air displacement for the longest wavelength
mode ufmnm#ﬁanmlécuﬁch axis (along or perpendicular to the tube axis) are the air molecules

moving? (9 poinis)
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Problem 2

A series of upright pulses are sent to the right along a lighter rope with linear mass density p) of 112 g/'m

(see figure). The pulses are separated by a distance 5,=15.0 cm and travel at a speed of v=20.0 m/s,

These pulses encounter at point A a heavier rope with linear mass density p; of 224 g/m.

{a) What is the tension T, in the light rope? What is the tension T; in the heavier rope? (4 points)

(b) At what frequency f; do the pulses arrive at point AT At what frequency f; do the pulses leave point A
as they go into the heavier rope? (4 points)

{c) What is the speed v; of the pulses in the heavier rope? What is the distance S; separating the pulses in
the heavier rope? (4 points)

{d) Sketch as accurately as possible in the figure below the series of transmitted and reflected pulses. (6
points)

{e) The amplitude of the incident pulses is 5.00 cm while the amplitude of the transmitted pulses 15 3.00
cm. What is the amplitude of the reflected pulses? (7 points)
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Problem 3

Sunlight is coming straight down (-z direction) on a solar panel (length L=1.40 m and width W=0.90{ m)
belonging to the Spirit Mars rover (see figure). The amplitude of the electric field in the solar radiation is
673 V/m and is uniform (the radiation has the same amplitude everywhere).

(a) Calculate the amplitude of the magnetic field in the solar radiation. If at a given time and position the
electric field of the solar radiation is pointing in the +x direction, what is the direction of the magnetic
field at that same time and position? (5 points)

(b) Determine the amplitude (i.c., the maximum value) and direction of the energy flux (Poynting
vector) of the solar radiation. (5 points)

{c) Calculate the intensity of solar radiation striking the solar panel. (7 points)

{d) What is the average power of sunlight that strikes the panel? If the solar panel has an efficiency of
18.0 percent in converting solar radiation into electrical power, how much average power can the
panel generate from the solar radiation? (8 points)

EI R) Bo= Eo o SB%
< LF rgh v
y _E == ?_.Tq'ﬂ'fg-{""f-'
P_
B 7 ey Y
% » 4 W=0.900 m =
I=1.40x AXI S ( J.)
-k Byg . :
13) S el o¥By = i B “:‘3)(1'?#”' )= L126 x0d ﬁ:-fh-\a.

o

= = 1 '
T J'i LE. B e iiiﬁrhﬁ}f‘h?s:cfﬂ--i} {;1-;‘]15: &4 L""fh-.l

) (A = 2501y

C Praduin> = (;F'T]{'?f{;iu}l 124 Wy

A) I:F*-?HQ,E: 1A= (hu L::_.j(

< Petec>= /) gJ

A f:”'e Move  Hadn ']‘["‘-*"'ﬂ



