Physics 1C Midterm

TOTAL POINTS

89/100

QUESTION 1
Problem 140 pts

11(a)12/15
- 0 pts Correct
- 3 pts missing/incorrect magnetic field directions:
between wires into the page, outside wires out of the
page
- 3 Point adjustment
incorrect direction in between wires (should be
(-z) direction), simplification errors with

distances

1.2(b)15/15
v - 0 pts Correct
- 3 pts error in integration bounds

- 3 pts incorrect initial setup

1.3(c)10/10
v - 0 pts Correct
- 4 pts incorrect use of Faraday's Law
- 4 pts incorrect use of Ohm's Law

- 2 pts incorrect/missing current direction

QUESTION 2
Problem 2 40 pts

21(a)15/15
v - 0 pts Correct

22(b)10/15
- 0 pts Correct
v - 5 pts negative frequency
- 8 pts incorrect determination of omega_+-

- 5 pts imaginary frequency

Page 1

- 10 pts No determination of omega_+-
- 5 pts Solved quadratic equation incorrectly
- 3 pts Impedance should be doubled

- 5 pts No resonance frequency

2.3(c)7/10
- 0 pts Correct
- 3 pts Changing C doesn't change FWHM
- 5 pts Incorrect reasoning
v - 0 pts ok given wrong answer for (b)

v - 3 pts Need to keep resonant frequency constant!

QUESTION 3
3 Problem 3 20/ 20
- 5 pts Did not verify Gauss' law for magnetic fields.
- 5 pts Did not verify Faraday's law.
- 5 pts Did not verify Ampere's law.
- 5 pts Did not verify Gauss' law for electric fields.
v - 0 pts Correct
- 2.5 pts Error verifying Ampere's law.
- 2.5 pts Error verifying Gauss' law for electric fields.
- 2.5 pts Error verifying Gauss' law for magnetic
fields.
- 2.5 pts Error verifying Faraday's law.



Rombes

Physics 1C: Midterm

PROBLEM 1

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

credit.

Problem 1

Two infinite parallel wires separated by distance D carry equal currents i(t) in opposite directions. These
currents depend on time, but are always equal in magnitude and in opposite directions. A square loop of
wire with side length [ lies in the plane of the wires, its closest edge a distance d from the closest wire. The

square loop has total resistance R.
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(a): 15 pts

Derive an expression for the magnetic field on the plane containing the wires and the loop. Your answer
may or may not depend on i, d, D, [, and R. Remember a magnetic field has both a magnitude and direction.
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Problem 1 continued on next page. ..
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11(a)12/15
- 0 pts Correct
- 3 pts missing/incorrect magnetic field directions: between wires into the page, outside wires out of the page

- 3 Point adjustment

incorrect direction in between wires (should be (-z) direction), simplification errors with distances
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Rombes Physics 1C: Midterm

PROBLEM 1

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

credit.

(b): 15 pts

What is the total magnetic flux through the square loop at time ¢? Your answer may or may not depend
oni, d, D,l, and R. [If you could not solve part (a), just use a placeholder B(t, x,y, z) for the magnetic field.]
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Problem 1 continued on next page. ..
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1.2 (b) 15/15
v - 0 pts Correct
- 3 pts error in integration bounds

- 3 pts incorrect initial setup
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Rombes Physics 1C: Midterm PROBLEM 1

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

(c): 10 pts

Find the magnitude and direction of the current induced in the square loop. [If you could not solve part (a)
just use a placeholder ®(t) for the magnetic flux.]
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1.3(c)10/10
v - 0 pts Correct
- 4 pts incorrect use of Faraday's Law
- 4 pts incorrect use of Ohm's Law

- 2 pts incorrect/missing current direction
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Rombes Physics 1C: Midterm

PROBLEM 2

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

credit.

Problem 2

You’d like to design a door that only opens when you whistle a particular note. You connect the door latch
to a circuit element with resistance R. You have another element that converts a sound wave frequency f
to an oscillating voltage of amplitude V[, and angular frequency w = 27 f. You connect an inductor L and a
capacitor C to the resistor R, in order to create an LRC series circuit. The resistor R will “activate” and

unlock the door when at least half of the maximum current runs through it.

(a): 15 pts

What is the impedance Z of this circuit, in terms of R, L, C, and w?
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Problem 2 continued on next page. ..
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2.1(a)15/15
v - 0 pts Correct
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Rombes Physics 1C: Midterm PROBLEM 2

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

(b): 15 pts

At what frequency wg will the maximum current flow through the circuit? At what frequencies w4 will
half the maximum current flow through the circuit? The quantity Aw = wy — w_ is the full width at half
mazimum (FWHM) of this current. Express your answers in terms of R, L, and C.
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Problem 2 continued on next page. .. Page 5



2.2(b)10/15

- 0 pts Correct

v - 5 pts negative frequency
- 8 pts incorrect determination of omega_+-
- 5 pts imaginary frequency
- 10 pts No determination of omega_+-
- 5 pts Solved quadratic equation incorrectly
- 3 pts Impedance should be doubled

- 5 pts No resonance frequency
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Rombes Physics 1C: Midterm PROBLEM 2

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

(c): 10 pts

You’d like your door to open for a small range of frequencies around middle C, approx. 260 Hz. You test
out your door and find that it opens for frequencies in the range 210 Hz - 310 Hz; not very secure. Describe
what happens to the FWHM Aw of the current as you vary each of L, R, and C, while keeping the other
two fixed. No numerical answers are required. What qualitative changes could you make to your circuit to
tighten the range of opening frequencies to 240 Hz - 280 Hz?
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2.3(c)7/10
- 0 pts Correct
- 3 pts Changing C doesn't change FWHM
- 5 pts Incorrect reasoning
v - 0 pts ok given wrong answer for (b)

v - 3 pts Need to keep resonant frequency constant!
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Rombes Physics 1C: Midterm PROBLEM 3

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

credit.

Problem 3

20 pts

In class, we have seen plane wave solutions to Maxwell’s equations of the form

E = Ey cos(wt — kz)g.
At a given time, such a wave repeats indefinitely along the z-axis; it isn’t well-localized in space. EM waves
that are more localized in space are described by wavepackets, superpositions of plane waves travelling in the

same direction, but with many different wavelengths. A general wavepacket for the electric and magnetic
fields of an EM wave polarized in the g-direction travelling along the = direction can be written as

E= EO/ f (k) cos(wt — kx) g
B= Bo/ f (k) cos(wt — kx) 2
where f(k) is a function specifying how “much” of the wavepacket consists of waves of wavenumber k.

Verify that E and B satisfy the four differential Maxwell equations in empty space:
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3 Problem 3 20/ 20
- 5 pts Did not verify Gauss' law for magnetic fields.
- 5 pts Did not verify Faraday's law.
- 5 pts Did not verify Ampere's law.
- 5 pts Did not verify Gauss' law for electric fields.
v - 0 pts Correct
- 2.5 pts Error verifying Ampere's law.
- 2.5 pts Error verifying Gauss' law for electric fields.
- 2.5 pts Error verifying Gauss' law for magnetic fields.

- 2.5 pts Error verifying Faraday's law.
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