Final Exam r)hv to? r:"‘-"‘ﬂli C-‘;I’Jv\m_a] iCﬂS
Problem 1 (25 points)

Bridges can have standing waves, just as string between
would between two fined ends. Assume the bridge has
a 200 m free span and the ends of the bridge are fixed.
A bridge can even be destroyed by its resonance. That
is why marching bands are trained not to march in
lockstep across a bridge, but rather in breakstep,

(8) What are the wavelengths of the three first modes n of the standing waves on the bridge? (6 poinis)
(b) If the speed of the wave on the bridge is 100 m/s, what are the frequencies of the first three modes of

the standing waves? {6 points)
{e) If the amplitude of the oscillation is 10 em, and if the bridge is flat at 1=0s, what is the equation 4{x,t)
that describes the displacement of the bridge for the 1% (n=1) mode? (6 points)

(d) Apilhrhuben:ﬁudunmﬂhm:middhtxnlﬂﬂm]ufﬁnh-idF.Fnrllrmdhuwvu,
{his means that there is now a node in the middle of the bridge. Which of the modes n are not
pﬂm’hhmmwm&wnﬁdpﬂh‘? (7 points)
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Fiial Exam

Problem 2 (25 points)

A convex thin lens made of ZnSe has an index of refraction of 2,45 and is used to image an upright arrow
that is placed 7.00 cm in front of it (see figure). The magnitudes of the mdii of curvature for the front
und back surfaces of the lens are 11.0 em and 12.0 ¢m, respectively. The height of the arrow is 3.0 cm,
(a) What is the focal length f (magnitude and sign) of this lens? Draw the focal point F on the figure.

Use the | cm spaced grid lines to accurately locate this point. {5 paints)
(b} Druw three principhs rays to show the location of the image. Use the | cm spaced grd lines to
accurntely locate this point. (6 points)
{e) Calculate the image distance o from the mirror. ( points)
(d) What is the magnification M7 What is the image height 7 {4 points)
{e) Isthe image real or virmal? 1s the imoage upright or inveried? {4 points)
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Final Exum
Problem 3 (25 points)

A beam of white light (wavelengths ranging from 400 to 750 nm) shines on a piece of barium.
{a) What are the energies (Exim and En) of the lowest and highest energy photons in the white light

beam. (6 paoints)
b} Only wavelengths shorter than 501 nm are ohserved to gject electrons from the barium. What is the
waork function W of the barium? (6 poinis)
{¢) What are the kinetic energies (Kpy and Kyy) of the lowest and highest energy electrons emitted by
the white light beam? (6 points)
{d) What is the stopping voltage ¥ that is required to stop the electrons with the highest kinetic energy”
(7 points)
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Short Problem S1 (15 points)

A sound source that emits acoustic waves in all directions has u sound level of 120 dB at a distance of 5.0
m from the source.

(a) What is the intensity [ of the sound at 5.0 m? (5 poinis)
(b) What is the power P of the source? (5 points)
{c) At what distance D is the sound level 90 dB? {3 poinis)
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Short Problem 52 (15 points) .

NASA sends radio signals to its probes Voyagerl (beyond Plute) and Cassini (orbiting Saturn). The
distance between Euﬁmd?wh%ﬂ[utmmhlmﬂt}.ﬂﬂtludhummmm
Cassini is 10AL. (14U =1.496%10'' m).

(a) lem;dnmhhhlhndh:imﬂhmﬁum&ihhﬂuﬂnﬂ {7 poinis)

(b} If Cassini receives an intensity of 1. (& points)
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Final Exam

Short Problem S3 (15 points)

A person stands at point A and wants to reach point B in
the shortest time possible. To reach Point B the person has
to run over grass and through a comfield. The maximum
running specd on grass is 6.0 m/s and the maximum
running speed in the cornfield is 4.0 m's.

{n) In analogy to the speeds of light in different media, what is (for running speeds) the “index of
refraction™ m,, of the cornficld, if 6.0 m/s is the fastest 8 human can run on any surface? (7 poinis)

(b) Assume that you have to aim at the comficld at an angle of 8 = 20° to reach point B in the shortest
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Place your answers here
() Index of refraction for running speeds in the cornfield:  n, = M

(b) For #=20°, the angle ¢ = (8)

Short Problem S4 (15 points)

Some lenses of eyeglasses have anti-reflection coating, These glasses are coated with a very thin film of
material to reduce the reflected light of certain wavelengths, The material of the film has an index of
refraction of m, =1.4 while the glass of the lens has an index of refraction of m; =1.55. The thin film

has a thickness of ¢ = 0.40m . Assume normal incidence. 1,65
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Fial Exam
Short Problem 55 (15 points)

A lens of diameter D = 10 em and focal length = Sem is used to focus sunlight on a picce of paper (at the
distance §=f from the lens). The intensity of sunlight is J,-IDDH%.Du:md:‘ﬁ-n:ﬁm,th: sunlight
cannot be focused into one infinitely small point. Instead the light is focused into a so-called Airy disk.
(a) Assume the average wavelength of sunlight is 4 =500 nm. What is the diameter o of the Airy disk
on the paper? (7 points)
(b) What is the intensity I, of the light on the paper? (8 points)
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{(a) Diameter of Airy disk: o = M
&) lp=m (%)
Short Problem S6 (15 points)
A proton is tapped in the x-direction by a one-dimensional box with width W =10=10"m
{approximately the size of a nucleus).
(a) Culculate the energies £y, E;, and £, for the lowest three energy states. (9 points)
{b) The proton relaxes from the n=2 energy state to the =l energy state by emitting a photon. What is
the wavelength A of the emitted photon? {6 points)
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