1BSUM20 Final Exam

Full Name (Printed) 220 WW\%
Full Name (Signature) }CM 2 /;////

Student ID Number _ 305505362

o The exam is open-book and open notes. You will probably do better to limit yourself to a single page of notes
you prepared well in advance.

e All work must be your own. You are not allowed to collaborate with anyone else, you are not allowed
to discuss the exam with anyone until all the exams have been submitted {after the close of the subwissions
window for the exam).

e You have 150 minutes to complete the exam and more than sufficient time to scan the exam and upload it
to GradeScope. The exam musi be uploaded to GradeScope within the time alloted (that is, by the end of
the 3-hour finals slot). 'We will only except submissions through GradeScope and will not accept any exam
submitted after the submission window closes (CAE students must contact Corbin for instructions).

» Given the limits of GradeScope, you must fit your work for each part into the space provided.
You may work on scratch paper, but you will not beable to upload the work you do on seratch paper, so it is
essential that you copy your complete solution onto the exam form for final submission. We can only consider
the work you submit on your exam form.

¢ For full credit the grader must be able to follow your solution from first principles to your final
answer. There is a valid penalty for confusing the grader.

o It is YOUR responsibility to make sure the exam js scanned correctly and uploaded before the end of the
submission window. The graders may refuse to grade pages that are significantly blurred, solutions to problems
that are not written in the correct place, pages submitted in landscape mode and/or work that is otherwise
illegible - if any of this occurs, you may not reccive any credit for the affected parts.

e Focus on the concepts involved in the problem, the tools to be used, and the set-up. If you get these right, all
that’s left is algebra.

+ Have Fun!

The following must be signed before you submit your exam:

By my signature below, I hereby certify that all of the work on this
exam was my own, that I did not collaborate with anyone else, nor did
I discuss the exam with anyone while I was taking it.
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Exam 1) A non-uniform triangular sheet (of mass m) is found to halance at a point a distance 2 from vertex A, y

from vertex B and z from vertex C as shown, It is mounted parallel to a frictionless vertical wall so that it is free
to swing (in the vertical planc defined by the wall) around vertex A. Wheh released af rest from a small angular X
. . syeq s . AeniHin i s & e diay oo P - 5 &
displacement from equilibrium, it is found to vscillate withi a %& | ‘
o 1a) (15 points) Estimate the rotational inertin of the tritmgi‘é aimmdfm axis perpendicular to the triangular w
sheet that passes through the frlangle’s center-ofamass. - ; 4
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510*f>omts) Having done a quirc%'f" almx]“atmn on the side, you discover the natural frequency for ascillations
. about the A apex, Tyo differs slightly {;ﬁ{Jm" the measured value of the period, T4. How many complete
i oscillations will theTfangle make before it loses half ot its initial energy
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1¢) ; ;mima) Evaluate your answer to part b in the limit that Ty ~ Tao and discuss.
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Exam 2) Deep under water, submersible craft rely on sonar piugs (lond blasts of sound) to maintain situational
awareness. By measuring how long it takes for sound to return from an object they can deduce the distance to that
ohject; by comparing the frequency of the sound when it returns to the frequency it had when it left, it can deduce
the speed with which the object is moving. % 26\/(5

For this problem, you may asswmne that everything is happening in ohe dimension (that is, ohjects move toward or
away from each other along an axis defined hy the direction that the pings are propagating) and you may assume
that the speed of sound at this depth (and temperature) is given by veng.

: e
In this problem, a submersible (4) ou surveillance-duty is in pursnit of an intelligence- mll((tlou drone (B). The
submersible pings its its surroundings with sound. mmtted at the frequency t
® 2a) (15 points)  To gauge its own speed, the subxma_rsible first pings a stationary object wedged in the ocean
floor. If the pings return with a frequency g, how Tast is the submersible traveling?
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o 2b) (15 points)  Next, the crew of the submersible pings the drone (B). If these pings return with a frequency
£, how fast is the drone moving (in terms of fa, fg, [, and/jor v4,4)?
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arranged so that their centers all lay in a common plane, equ‘uhwwnt: from a common central point.

ach Sphere
touches two neighboring sphores as shown. ‘

® 3a) (5 points)  How much work will be reqmred 10 agsemble each of these hpheros in isolation (fhat is, before
they are brought together in an assembly)? e
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i ) (6 points)  Having already constructed the spheres, how much work will it take to assemble those st
into the arrangement shown? [Agam, :m;tum» the sphieres themselves }mw alroad\ bwn assvmbk»d
neglect the self-energy of each sphere;| 3 e =
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Exam 3) TFour spheres of identical radius R (but different, umfm'm chirge densities p1, pa_and ga and ps) are
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¢ 3¢) (10 points)  What is the electric field at the the center of the arrangement?
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e 3d) (10 pomas?r How mu&l work would one have twi@ to drag a t(}btg -charge g to the center of the arrangement
e¥y ~distant?
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Exam 4) A parallel-plate capacitor is formed by placing two square contlucting plates (of area L?) a distance d
from one another. The region in-between the plates is completely filled with a diclectric of constant k. At some

point, one of the plates comes loose, and begins to tilt with a small angle 6.

e 4a) (10 points) What is the capacitance of the new (ti]tod) v),rr'ui;:{cm(-m’? @(A = L/OL/
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* 4b) (10 points) If the capacitor is held at a constant ol arge 2, how much work \mul(; have to be done to put
the plate back in its proper place? Is that work positive or negative? Explain.
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3 i i .
* de) (5 points)  Check your answers to the first two parts by evaluating then in the
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| 1600, the plates are tilted as shown. Fiﬁqil;fghe surface charee
tical distance from the bottog’of the plates, as drawn). =

e 4d) (5 points) The capacitor is chargs
on the plates as a function of height (v
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Exam 5) In the circuit shown above, we know all the component values, the switch has been open a long time,

and the capacitor is initially uncharged. The new component, D, is a semiconducting diode, 1f it is forward-hiased
(high-potential to low points in the direction of the arrow), it has no resistance when the potential difference across
it exceeds the threshold voltage for the device (AVs). When the potential difference across the device is less than
the threshold voltage, it has infinite resistance. '

e 5a) (5 points) How will the maximum potential difference across the capacitor compare to the potential
difference across the battery? Suppose & < AVy,. Find AVan a8 a function of time and plot it. qualitatively.
Sketch £ and AVy, on your plot. L e \ ‘
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e 5b) (5 points)  Suppese § > AVj,. Describe what happeiss now. Plot AVap (qualitatively) as a function of

time. Sketch F.am.i AV, on your plot. o i
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¢ 5¢) (10 points) What is the period of thg waveform you sketched in part 57
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e 5d) (5 points) Suppose you wanted the pctcntlalfhfiercncc on the output across A and B to have a short
T et ——.
period and a very linear rise. How would you: oesé your component values prhm
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‘e ée) (o pamts) In real life, some sort«of io‘ resistance will have to be connected am);ss terminals 4 and B. If f’% Or\\ :
the gircuit is to be used to generate the mgxml ‘described in part b, how small can the load resistance be before

the circuit fails to operate as desired?
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