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Physics 1C, Spring 2019, Lecture 2
Midterm 2

Time allotted: 50 minutes
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 (& /18
Problem 2 0 /24
Problem 3 @ /18

Total C g /60

Inspirational quote:
The time of day or the density of the light / Adhering to the face keeps it /
Lively and intact in a recurring wave / Of arnival. The soul establishes itself.

—John Ashbery, Self-Portrait in a Convex Mirror (1974)
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Potentially useful formulas:

Vacuum magnetic permeability
po=4nx 107 Hm™!

Vacuum speed of light
1

VHo€o

1

0= ~3x10°ms”

The time averages
1
(sin wt)r = (cos? wt)t = 3

and
(sinwtcoswt)r = 0.

Radiation pressure (perfect reflection)

2 2(|S
Py = 2L HSDT
c C
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Problem 1. In the lab

» you encounter a solenoid with unknown inductance. You mea-
sure the solenoid with an ohmmeter and find it has internal resistance R. To determine
its inductance, you connect the solenoid in series with a known capacitor C and an AC
signal generator (AC voltage source) set to frequency w.

(a) If the current amplitude is I,

find the voltage amplitude |Vc| across the capacitor.
(b) With the same current

- find the total voltage amplitude | Viey| across both the solenoid
and capacitor in terms of the unknown inductance L and the known circuit parameters.

(c) Suppose you don’t know the current am

plitude, but you measure the two voltage
amplitudes in (a) and (b). Find the inductance L of the solenoid using these measurements
and the known parameters.
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Problem 2. The magnetic field of a monochromatic, plane EM wave in vacuum is

Bine(x, t) = By § cos(kx ~ wt) (1)
(a) Find the electric field Einc of this wave,

(b) Find the Poynting vector Sy for this wave.

(c) Suppose this wave is totally reflected by a thin sheet of a perfect conductor occu-
pying the yz planeatx = 0. Wha

tis the force per unit area on this sheet due to the EM field?

(d) When the wave reflects from the conductor atx = 0, areflected plane wave travelin
opposite the direction of the incident wave is fo

rmed. The total electric field Eyy is a
Superposition of the incident and reflected fields, Eot = Eine + Eqef. Take for granted that

the total electric field parallel to the surface of a perfect conductor is zero, and find the
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Problem 3. Two monochromatic light waves of different wavelengths A1 and A; in
vacuum are both incident at angle 69 on rectangular prism of Material X. Material X is
dispersive, and its index of refraction depends on the vacuum wavelength A as

W=3+2, @

with X > 0 an unknown positive constant. Because n depends on A, the two waves are |
refracted at different angles 61 and 6 irl Material X, with 8, > 6;.

Vacuum . ‘h&\ b [

— »
oy eotn etd yoval
| e SR E Ry wndergd wiema
gl  Material —_ fefracsion,,
1 _f'_-,; % i | Nzl
— - ‘ v # el \
|/ \ Vacuum - i N2z !
!
() Use Snell’s law to find the values of the fpdex df refractionn; = n(A1)and n; = n(A;) | %+ S |
in terms of the incident and refracted angles. ' | ; [
| |
" For the two wavelengths, 1 and A;: j
l Af = =2X a
(b) Which wavelength is larger? ; {
—<__;- * AKX o
(c) Which wavelength of light travels faster in Material X? i '

(d) In the figure above, which of the wavelengths, if any, will undergo total interrial Wil usaich

reflection at the bottom surface of the prism? )T'I.§. hecouse
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