Physics 262-001 Final Exam
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Mechanical waves:

1) A 2kg mass is mounted to a spring on a horizontal frictionless surface. The spring is

compressed by 1cm when the mass is pushed to the left by a force of 10N. If it is then released
at t=0, what is the correct equation of motion for the mass?

F-kx= JO0 = k. 0.01m

ks 1000 B
s Jenn 57 20034 6

@tio) X T ~00lm
X(ﬂi‘« - 0.0l Ni'cos(n.zw”"l\

2) A graph of the transverse displacement of a wave at 2=0 is shown in 5
the figure to the right. If the wave velocity is 3.0m/s &k, what is the :
1

complete equation for the wave?
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3) A standing wave is oscillating at 440 Hz on a string, as shown in the figure. The tension in the
string is 100N. What is the mass of this string?
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4) Two small identical speakers are connected to the same source, but completely out of phase.
The speakers are 3.0m apart. A microphone is located at X, in the same plane as the two speakers
and 4.0m in front of one speaker as shown, Which of the phasor diagrams below best represent
the situation at X if the wavelength of the sound played is 2.0m?
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Electromagnetic waves:
5) There exists a plane electromagnetic wave in vacuum whose magnetic field is totally

described by: B = (Q.QQX IO_ST)fcos [(6.283771_1 )y+ a)t]

At t=0s, what is the magnitude and direction of the instantaneous Poynting vector at the point
(1.0m, (0 §m, 0.0m)?
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6) Unpolarized light with original intensity, Io, is incident on a set of two ideal polarizers. After
the second polarizer, no light emerges. If a third polarizer is placed between these two at an
angle of 25 degrees to the first polarizer, how much of the original intensity, Io, exits from the

final polarizer? 267
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7) Two lenses are set up as shown below. The focal lengths of the first (diverging) and second
(converging) lenses are both 10cm, and they are 25¢m apart. The object shown is 20cm to the
left of the first lens. Use the image-object equation and the magnification equation and
determine the overall magnification and draw three primary rays to check your answer.
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Two slits are separated by a distance d, with a slit width a; they are illuminated by a plane wave
and thus are emitting waves in phase. Crests are shown.
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8) What phasor diagram best represents the fields at point Q? Additional information: the
intensity at Q is half the intensity at P,
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9) The two-slit interference/diffraction pattern above was made with light with wavelength 680
nm. What is the ratio of the slit width a to the slit separation d?

5?/\(@ nl\a( 'h,.)o S[r‘{/ AZ@/@Q“}"EQ/%J 505;465: ml) “Qf' 6&/‘\5{ ;f\%@fb
;m& '@f‘ SIAj(e 5(}% A%a&‘(bﬂ o i\w@x FY\,}. @:r JQ?‘?{“F?JQ '“7[6“(.

T we <see TLLQ‘)L 'wL{fu?Z MIT‘ m‘em\mum @allf 4’{’ Hle,

'

. { .
N {3@3141@ﬂ (Qé’”{j{@} 28 +L\€ ml = S Moy tMmVm
dsin &, 5 X
¥ a A @0 [A
/s

/ LI i N
Hyose Tux eqiere g

1

i

LYE

'

L) d}l\/t,r;w’\j

T [ o P

d seal), - d S

o _ L
5

i




Relativity:

10) On the space-time diagram below with the home frame shown and scaled, draw and scale the

other frame when = 0.75. + +'
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11) What is the space and time of an event (with t =@&s and x =4 as measured by the home
frame) as measured in the other frame? Show graphically and calculate exactly.
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12) Show that the spacetime interval between this event and the origin is the same in both
frames.
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13) A particle with mass = 2.0 kg has total energy = 6.0kg as measured in the laboratory, and
has a lifetime of 1 s. How far (in meters) will the particle travel in the lab before it decays?
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Quantum Mechanics:

14) A particle is trapped in a 1D symmetric potential. It is in an excited state with its
wavefunction drawn below. By examining the wavefunction, sketch the potential associated
with it indicating the approximate energy of the particle on the same sketch. What is the
quantum number?
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15) Consider the wave function for an infinite square well potential formed by adding two
stationary states (with different energies E; and Ez) together (with appropriate normalization):
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16) List all eigenstates of an electron in a hydrogen atom with the primary quantum number n =3
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