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Student ID #:
Physics 1C, Spring 2019, Lecture 2
Final Exam

Name:

Time allotted: 3 hours
No calculators or notes allowed.
No phones out during the exam.
All work must be your own.
Partial credit will be awarded for correct work.

Problem 1 /20
Problem 2 /20
Problem 3 /22
Problem 4 /18
Problem 5 /12
Problem 6 /28
Problem 7 /12
Problem 8 /12
Problem 9 /16

Total /160

Inspirational quote:

The important thing is not to stop questioning. Curiosity has its own reason for
existence. One cannot help but be in awe when he contemplates the
mysteries of eternity, of life, of the marvelous structure of reality. It is enough if
one tries merely to comprehend a little of this mystery each day.

—Albert Einstein, as quoted in Life magazine (1955)



Potentially useful formulas:

Vacuum magnetic permeability

to =47'c><10‘7E =4nx10_7%
m m
Vacuum speed of light
1 m
= ~3x10%8 —
\/yoeo S

The time averages
(sin® wt)T = (cos® wt)r = %
and
(sin wt cos wt) = 0.
Spacetime interval (four dimensions)
As? = —c?At? + Ax? + Ay? + AZ?

Lorentz factor for speed u

) = 1
V1 —u?/c?
Lorentz boost by # along x direction
roy(p -t
t = (t ) x)
x' =y (x —ut)

Flux rule for induction
E= / dt = —&
Intensity of two interfering sources with phase dlfference Ag

A
I = Ijcos? (T(P)

Energy density of electric field E

up = LEC
T 2u0c?

Imaging by plane reflecting surface

%+$=O
Imaging by plane refracting surface

1 n

s s
AC Series RLC circuit phase

tan Brrc = wL —-1/(wC)
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Problem 1. An object is distance s = 4 to the left of a converging lens of focal length
f =1. Adistance d = 2 to the right of the lens is a planar interface with a large block of
glass (index of refraction n = 1.5). The space outside the glass is vacuum.

Ll) (a) Find the position of the image of the lens.

é ) (b) Treat the image of the lens as the object of the glass interface, and find the magni-
( tude of the distance from the lens of the image produced by refraction from the interface.

- 6) (c) Now find the magnitude of the distance from the lens of the image produced by

reflection from the glass interface. Again, use the image of the lens as the object of the
interface. ' "

( Z.) (d) For each of the images in (a), (b), and (c), state whether the image is real or-virtual.

(1—) (e) How would you answers to (d) change if the lens were a diverging lens?
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Problem 2.
\ (a) State Maxwell’s equations in vacuum in either integral or differential form.

The cylinder carries steady current Iy in the +z direction, and the current is distributed
uniformly over the cross-section of the cylinder. The cylinder also carries charge per unit
length Ag uniformly distributed over its volume. You may assume that

oE _ 9B
ot~ ot
State Maxwell’s equations inside the cylinder in either integral or differential form. Your

answer will be a set of differential or integral equations for E and B in terms of Iy, Ag, 4,
and fundamental constants.

( %3 (b) An infinitely long, solid cylinder of radius 2 centered at r = 0 lies parallel to the z-axis.

=0. 1)

(6) (c) Use Ampere’s law to find the magnetic field as a function of r inside the cylinder

described in (b) (that is, for 7 < ). PN -G \
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Problem 3. Consider a series RLC circuit connected to an AC voltage source with volt-
age amplitude V.

(a) If the voltage source is set to the resonant frequency wy, find the current amplitude
(6) Ires of the source and the phase difference 6ye; between the source current and voltage.

( 6) (b) Now suppose that the source frequency w is set very close to the resonant frequency
wg. That is

, ! w=wy+ow ‘ 2)
with 6w < wp. Using the binomial approximation (1 +x)? & 1+px, calculate the quantity
1

|Z1cl = wL - o°C 3)

to first order in §w in terms of 5w and L only. Your answer should not contain C or wp.

(6) (c) Using your answer to (b), or otherwise, find the value of Sw at which the source
current amplitude I is

IreS
Iy=—=—2. 4
0 " 4)

You may continue to assume that @ is small.

’

(4) (d) Assume that 6w has the value you found in (c). Sketch a graph of the source current
amplitude Ip(w) as a function of w. Indicate the following values on your graph: (i) Ires,

(ii) Ires/ V2, (ili) wo, (iv) wo — 6w, (v) wo + bw. \/ -~ -
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Problem 4. A circular coil of wire of radius 4 with N turns is in the field of an elec-
tromagnet. The magnetic field is directed perpendicular to the plane of the coil and has
uniform magnitude By over the area of the coil. The coil is connected to an external
resistor, making the coil into a closed circuit with total resistance R.

(a) Suppose the electromagnet is suddenly switched off, reducing the field strength
from By to zero. Find the total charge

Q=f1(t)dt (5)

that passes through the resistor.

(b) How does your answer to (a) change if the field strength of the electromagnet is
instead reduced to zero gradually?

(c) Does the induced magnetic field of the coil point in the same direction or opposite
the initial field of the electromagnet?

(d) If the electromagnet is switched back on suddenly, increasing the field strength from
zero to By, the coil will experience a force. Will the force on the coil be directed toward or
away from the electromagnet?




@ Lowss
Lm L
. roU& . wanh H Mum“"\vlo

woves ‘W"“U\ %V‘OM

£

E\:ﬁf s}ak/g so
wK . 1€ &@rco s @‘j kl‘ow\ nﬁ




9

Problem 5. A thin film of oil (index of refraction 7 = 1.5) sits atop a body of water
(index of refraction 5 = 1.3). The region above the oil film is vacuum. d

< é) (a) Find the minimum thickness in nanometers of the oil film such that infrared light

of wavelength 1020 nm interferes constructively when reflecting from the film at normal
incidence.

nanometers) of visible light thatwill interfere destructively when reflecting from the film

at normal incidence
\/M/. n=

A
w I /\/\/%;/\// 0i]. w=)S ?Luse, SL“Hr/O;]A—;:{;{Ma.
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(é) (b) For the same thickness of film you found in (a), find all possible wavelengths (in
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Problem 6. Two twins, Abby and Gabby, celebrate theit 20th birthday on earth. As
a birthday gift, Abby receives a relativistic Bird scooter. She immediately jumps on the
scooter and travels to Star X at speed 4c/5. Gabby stays home. When Abby gets to Star X,
she immediately makes a U-turn and teturns to earth, again at speed 4c/5. She arrives on
her 38th birthday, as determined by her watch.
( 6) (a) How old is Gabby at the moment Abby arrives back on earth?
( 6) (b) According to Gabby, how far away is Star X, in lightyears? (1 lightyear = 1 year X c)
~ Label the earth frame G, the frame of the outgoing scooter ¢/, and the frame of the
returning scooter €”. Coordinates for each frame are chosen such that Abby’s departure
isatx =x"=x"=0and t = t' = t” = 0 and Star X is along the positive x axis.
( 'L) (c) What are the coordinates ¢, x of the U-turn in C?
%
(L{ ) (d) What are'the coordinates #’, x’ of the U-turn in €’?
6> (e) What are J:he coordinates t”, x” of the U-turn%n €”?

L] B —
L! (f) On one set of spacetime axes, sketch a spacetime diagram showing the event of the
) U-turn in each of the three frames @, ¢, C”.
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Problem 7. Coherent light with a wavelength of A is sent through two parallel slits in
a flat, opaque wall. Each slit has width 2 = 31 , and the centers of the slits are a distance
d = 6A apart. The light falls on a semi-cylindrical detector, with its axis at the midline
between the slits. This setup is pictured below on the left.

‘Detector
v

g ) (a) How many bright fringes are observed on.the detector?

é) (b) Now suppose a rectangular prism of thickness w'and index of refraction  is placed

( behind one of the slits, as in the figure above on'the right. Find an expression for the angles
0 at which double-slit interference maxima are observed. For this part of the problem,
you can ignore effects due to single-slit diffraction. Assume the light is incident normal
to the opaque wall, so the light passes straight through the prism with no deflection.
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Problem 8.
( é) (a) When a radioactive nucleus of astantine 215 decays at rest, the whole atom is torn in
two in the reaction

254t — 211Bj +4 He. 6)

If the masses of the three atoms are ma; = 200271MeV/c2, mp = 196534 MeV/c?,
Mue = 3728 MeV/c?, find the kinetic energy of the two outgomg atoms in MeV.

identical particles of mass m, with M < 2m. In response to the objection that this violates
conservation of energy, he replies that if M was traveling fast enough it could have total
energy greater than 2mc? and hence could decay into two particles of mass . Show that
he is wrong,.

(é) (b) A mad physicist claims to have observed the decay of a particle of mass M into two
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Problem 9.
(a) Describe an experiment demonstrating that electromagnetic waves carry energy.

(b) Of all the electromagnetic energy in the universe, by far the largest amount is con-
tained in the cosmic microwave background (CMB) radiation. It apparently fills all space,
including the vast space between galaxies, with an average energy density ucvmp. Model
the CMB radiation as a monochromatic plane wave, and find the magnetic field amplitude
(maximum magnetic field strength) By of this wave, in terms of ucmp and fundamental
constants.

(c) Which of the following EM field configurations, 1 or 2, could be a solution to
Maxwell’s equations in vacuum? Explain how you know. (Choose either 1 or 2. The
answer is not “both” or “neither.”)

E1 = Epzcos (kxx + kyy — wt) @)

B; = By cos (kxx + kyy — wt) 8)

E; = Egz e (i) ’ 9)

B, = Bo)“re‘kz("‘“)2 (10)
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