Rombes Physics 1U: Final Kxam FROBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(a): 4 pts

Consider a thin film of index of refraction n > 1 and thickness ¢, surrounded on either side by air (7,5 ~ 1).
Consider light of wavelength ) that is incident on this film at angle of incidence 6, where 0 < f < 7/2. Some
of the light is refracted into the film, reflected off the bottom of the film, and then refracted back out into
air. What is the distance travelled by the light while inside the film? [In terms of ¢,6, A, and/or n.]
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(b): 8 pts

For the situation described in part (a), derive an expression for the wavelengths of light that will interfere
destructively [In terms of ¢,6, A\, and/or n. You may index these wavelengths by an integer m.]

QJ('«\N . P A A e

¢
N A phece. ShTET.
NY Nair o e i o i
/

\ >\: maos(‘a?""(i\‘%)) \

T

Problem 1 continued on next page. .. Page 2




Hombes Physics 1U: Final Kxam FPRUBLEM 1

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(c): 8 pts

When we derived the equations for thin-film interference, we neglected the fact that the wavelength of light
changes when it changes medium. Modify your answer in part (b), taking this fact into account; i.e. derive
an equation for the wavelengths (in air)

of light that will interfere destructively when incident at angle 6 on
a thin film of thickness ¢ and index of refraction n with air (n, ~ 1) on either side. [In terms of ¢, 0, A,
and/or n. You may index these wavelengths by an integer m.|
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HRombes Physics 1U: Final Kxam

PROUBLEM 2

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(a): 15 pts ,

rivy

'
How far from the seeomd=tens is the final image formed by the lens-mirror system? Make sure to specify

whether the image is to the right or the left of the 18%ss
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(b): 5 pts

What is the lateral magnification of the final image (with respect to the object)?
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Rombes Physics 1U: Final kixam l’lfUUMf,.‘\AIHJ

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 3

20 pts

A long cylindrical conductor of radius R carries a uniform current density J = JZ that runs parallel to
the axis of the cylinder (the z-axis). A time-varying electric field is established everywhere in space and is
given by E= Eoéz“, where Ej,ty are constants of units V-m and s, respectively. Compute the magnetic
field in the following regions: [You make take Maxwell’s equations as given, but nothing else.] [answer in
terms of Ej, to, pig, €0, J, and/or any spatial coordinates.|

(a): 10 pts
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Hombes Physics 1U: Final Exam FPRUBLEM 3

You must show your work to receive credit. An answer written down with no work will receive no
credit.

“




Hombes Physics 1C: Fmal Exam

FPROBLEM 4

You must show your work to receive credit. An answer written down with no work will receive no
credit.
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Kombes rhysics 1U: Final kixam FRUBLEM 5

You must show your work to receive credit. An answer written down with no work will receive no
credit.

Problem 5

20 points

(a): 5 pts

Suppose you throw a particle of charge g at velocity 7 = vZ along the axis of a straight, infinitely long
solenoid of radius R carrying constant current I. Will the particle feel a force? If so, calculate the force
(magnitude and direction).
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(b): 5 pts

Suppose that I place a device at a particular point in space that measures the electric field at that point. The

device finds that the electric field at that location is oscillating sinusoidally in the Z direction with amplitude

E, and angular frequency w: E=E, cos(wt)Zz. Is this information alone sufficient to determine the intensity
of the corresponding electromagnetic wave? Explain your answer.
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Rombes Physics 1U: Final Kxam PHRUBLEM 5

You must show your work to receive credit. An answer written down with no work will receive no
credit.

(c): 5 pts
Suppose that I have a beam of light linearly polarized in the +Z direction, propagating in the +7 direction.

I would like to obtain light linearly polarized in a direction tilted an angle ¢ from the z-axis. I could do so
in several ways, two of which are:

1. Send the light through a single polarizing filter whose polarizing axis is tilted at an angle ¢ from the
z-axis.

2. Send the light through two polarizing filters, the first of which has its axis an angle ¢/2 from the z-axis,
and the second of which has its axis an angle ¢ from the z-axis.

If I am interested in maximizing the intensity of the light passing through the filters, which of these options
should I choose? Or do they both yield the same intensity? Justify your answer.
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Physics 1U: Final kixam PROBLIM 5

Rombes

You must show your work to receive credit. An answer written down with no work will receive no

credit.

(d): 5 pts
Consider the circuit shown. The circuit consists of

frequency w, an inductor L, a capacitor C, and two ar
If T want to increase the current running through machine A, w

an AC voltage source with amplitude Vy and angular
bitrary machines A and B that behave like resistors.
hich of the following should I do?

1. Increase the driving frequency.
e 1Y) Yo
2. Decrease the driving frequency. | hore s wot I {grrmetiin
3. There is not enough information to determine. A b cmmne . The mrital
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Choose one and justify your answer. N
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