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TOTAL POINTS

34 / 34.5

QUESTION 1

Treacherous Triangle Trickery 20 pts

1.1  3 / 3

✓ + 2 pts Essentially completely correct reasoning.

   + 1 pts A few errors made.

   + 0 pts Essentially incorrect.

✓ + 1 pts Field at center is zero.

1.2  3 / 3

✓ + 1 pts Potential due to first charge correct.

✓ + 1 pts Potential due to second charge correct.

✓ + 1 pts Potential due to third charge correct.

   + 0 pts None correct.

   + 1 pts None correct but significant progress

1.3  3 / 3

✓ + 1 pts Gradient of potential is shown to be zero.

✓ + 2 pts Computation of gradient is correct.

   + 1 pts Computation of gradient has some errors.

   + 0 pts Computation of gradient is essentially

incorrect.

1.4  2.5 / 2.5

✓ + 2.5 pts All correct

   + 0.5 pts Graph asymptotes to $$\pm\infty$$

(depending on the assumed sign of $$q$$) as $$x\to

-d$$ from the left.

   + 0.5 pts Graph asymptotes to $$\pm\infty$$

(depending on the assumed sign of $$q$$) as $$x\to

-d$$ from the right.

   + 0.5 pts Graph asymptotes to $$0$$ as $$x\to-

\infty$$

   + 0.5 pts Graph asymptotes to $$0$$ as

$$x\to+\infty$$

   + 0.5 pts From $$-d$$ to $$+\infty$$, graph

basically depicted as decreasing (or increasing if

$$q<0$$) with the exception of a feature near $$x =

d/2$$ that looks either like a bump or a flat portion --

something that makes it clear that it's recognized

what the two charges not on the $$x$$\-axis do to

the potential there.

   + 0 pts None correct

1.5  4 / 4

   + 0.5 pts Order $$x^0$$ term is nonzero.

   + 1 pts Order $$x^0$$ term has value $$3kq/d$$

   + 1 pts Order $$x$$ term is zero.

   + 0.5 pts Order $$x^2$$ term is nonzero.

   + 1 pts Order $$x^2$$ term has value $$3kq/(4d^3)

x^2$$

   + 0 pts None correct.

✓ + 4 pts All correct

1.6  2 / 2.5

   + 0.5 pts Reasoning contains observation that

charges $$q$$ and $$Q$$ need to be same sign for

charge $$q$$ to remain in a vicinity of the origin. (or

opposite if the expansion in 1.5 had an incorrect

negative x^2 term)

✓ + 2 pts Reasoning is essentially correct. (or if V was

incorrect in 1.5, leading to the wrong conclusion)

   + 1 pts Reasoning has some errors.

   + 0 pts Reasoning is incorrect.

1.7  2 / 2

✓ + 0.5 pts Attempted to determine the equation of

motion $$\ddot x = F(x)/m$$

✓ + 0.5 pts Attempted to Taylor expand the equation

of motion so as to obtain the small-$$x$$ equation

of motion.

✓ + 0.5 pts Found that the equation of motion for



small $$x$$ is of the form $$\ddot x = -\omega^2

x$$

✓ + 0.5 pts Found that $$T =

2\pi\sqrt{2md^3/(3kQq)}$$

   + 0.2 pts Answer off by small coefficient

   + 0 pts Incorrect approach

QUESTION 2

2 Auditory Airplane Inference 5.5 / 5.5

✓ + 1 pts Noted that when the plane is coming

toward the observer and is far from the observer, the

observed and emitted frequencies are related by

$$f_o = \frac{v}{v-v_s} f_s$$

✓ + 1 pts Noted that when the plane is going away

from the observer and is far from the observer, the

observed and emitted frequencies are related by

$$f_o = \frac{v}{v+v_s} f_s$$

✓ + 1 pts Found that the speed of the source is given

in terms of the toward and away observed

frequencies and the speed of sound as $$v_s =

\frac{f_{o, \mathrm{toward}}-f_{o,

\mathrm{away}}}{f_{o, \mathrm{toward}}+ f_{o,

\mathrm{away}}}v$$

✓ + 0.5 pts Used the beginning part (small enough to

make clear that student recognized middle transition

section needed to be ignored) of the provided

waveform to determine an estimate for $$f_{o,

\mathrm{toward}}$$

✓ + 0.5 pts Used the end part (small enough to make

clear that student recognized middle transition

section needed to be ignored) of the provided

waveform to determine an estimate for $$f_{o,

\mathrm{away}}$$

✓ + 0.5 pts Estimated $$f_{o, \mathrm{toward}}

\approx 44\,\mathrm{Hz}$$ (can be off by around

25%).

✓ + 0.5 pts Estimated $$f_{o, \mathrm{away}}

\approx 12\,\mathrm{Hz}$$ (can be off by around

25%).

✓ + 0.5 pts Estimated $$v_s \approx 200\,\mathrm

m/\mathrm s$$ (can be off by around 25%)

   + 0 pts Incorrect approach

QUESTION 3

True or False 9 pts

3.1  3 / 3

   + 1 pts True.

   + 2 pts Essentially correct, complete reasoning with

maybe a minor error.

✓ + 3 pts Fully correct reasoning.

   + 1 pts Reasoning has some errors or is incomplete,

but some stuff correct.

   + 0 pts Essentially incorrect reasoning.

3.2  3 / 3

✓ + 3 pts Fully correct reasoning.

   + 2 pts Essentially correct, complete reasoning with

maybe a minor error.

   + 1 pts Reasoning has some errors or is incomplete,

but some stuff correct.

   + 0 pts Essentially incorrect reasoning.

3.3  3 / 3

✓ + 3 pts Fully correct reasoning.

   + 2 pts Essentially correct, complete reasoning with

maybe a minor error.

   + 1 pts Reasoning has some errors or is incomplete,

but some stuff correct.

   + 0 pts Essentially incorrect reasoning.
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