Printed Name Nine-digit GT ID

signature

Spring 2020 PHYS 2212 G Test 04

Put nothing other than your name and nine-digit GT ID in the blocks above. Print
clearly so that OCR software can properly identify you. Sign your name on the line Test Form:
immediately below your printed name.

Free-response problems are numbered I-III. Show all your work clearly, including all 4A
steps and logic. Write darkly. Blue or black ink is recommended. Do not make any

erasures in your free-response work. Cross out anything you do not want evaluated.

Box your answer.

Multiple-choice questions are numbered 1-6. For each, select the answer most nearly correct, circle it on
your test, and fill the bubble for your answer on this front page.

Initial the odd pages in the top margin, in case the pages of your quiz get separated.

A standard formula sheet is provided as the cover page for this test. Please remove it from the test before
you submit it to the proctor.

If the page for a free-response problem has insufficient space for your work, ask a proctor for an additional
sheet. If you wish this work to be evaluated, put your name on the sheet and make a note on the problem
page, so graders know where to find your work. Place any added pages at the back of your test, when
submitting your exam.

You may use a calculator that cannot store letters, but no other aids or electronic devices.

Scores will be posted when your test has been graded. Test grades become final when the next is given.

Fill in bubbles for your Multiple Choice answers darkly and neatly.
If you wish to change an answer, draw a clear “X” through the non-answer!
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Form 4A

Extra Worksapace: If you use this space for a free-response problem, be sure to point it out on that problem’s page!
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Form 4A

The following problem will be hand-graded. Show all supporting work for this problem.

[I (20 points) A real battery having emf £ and unknown internal resistance » R switch
is hooked up to the nework of resistors shown at right. When the switch is T_W—
P . . . g 6
open, the terminal potential across the emf is measured to be ;8 .
" 2R SR

What will be the terminal potential across the emf when the switch is £
closed? Express your answer as a numerical fraction of €. T

¢
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Form 4A

The following problem will be hand-graded. Show all supporting work for this problem.

[II] (20 points) In the circuit at right, the capacitor will charge up when the switch
switch is at position a’and’ dlosc.harge when the sw1Fch is at position b.
Suppose that the capacitor is initally uncharged at time t = 0 when the a b

switch is moved to position a. The switch is held in that postion until time
t, = 2RC, and is then suddenly switched over to position b at that moment.

(i)  What is the power output of the emf immediately before the switch

is moved? R 2R
(i() What is the power output of the capacitor immediately after the switch AN W—
is moved?

In each case, express your answer in terms of €, R, and e (i.e. the natural log of 1).
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Form 4A

The following problem will be hand-graded. Show all supporting work for this problem.

[III] (20 points) A long straight wire of radius R has a non-uniform current density
throughout its cross-sectional area, given by the expression:

J() =]0(1—£) for r <R.

where 7 is the distance from the center of the wire and J, is a positive constant.

(/) Find an expression for the magnetic field inside the wire, at a distance s from
the center of the wire (where s < R. Express your answer as a function of s,
including the fixed parameters R, J,, and/or y, as appropriate.

(if) Determine the maximum magnetic field strength that exists anywhere within
the wire. Express your answer in terms of R, ], and/or p, as appropriate.

end-on view of wire
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Form 4A

4y

(02)

The next two questions both involve the following situation:

Two ideal emfs and six resistances are arranged in the circuit shown at right.
In each branch of the circuit, the assumed direction of current flow is also
indicated.

Question value 4 points
Which of the equations below is a valid application of the Loop Rule to the

circuit?

(a) +(€1 _IARA_IFRF_ICRC =0

(b) _IDRD+IBRB +£2+81_IARA=O
(C) +(€2 +IBRB+IDRD_IFRF=0

(d)
(e)

+1DRD + IERE - IBRB =0
_ICRC - IFRF - IDRD - IBRB + 82 =0

Question value 4 points
Which of the equations below is a valid application of the Junction Rule to the circuit?

(a)
(b)
(©)
(d)
(e)

Ig=1.+1I¢
In+Ip+Ig+I. =1 +1g
Iy=1Iz+1;
Ii+1p=1I.+1Ip

In+1; =1,

AAA

\IF AAAFA
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Form 4A

(03)

(04)

Question value 8 points

Two very long straight wires lie parallel to one another in the xy-plane. One wire lies
exactly along the y-axis, carrying a current 3/ flowing in the positive direction. The
other crosses the x-axis at x = +D, carrying a current / that flows in the negative
direction. What is the magnitude and direction of the magnetic field at x =+2D?

(@ B=£5(-)
() B= %(—E)

(© B =2(+k)

B tol (44
@ B=2£5(4))

(@ B=2-(-k)

Question value 8 points
In the diagram at right, all bulbs are identical. What will happen to the
brightness of bulbs A and B, if bulb D is removed from its socket?

(a) A and B will both grow dimmer.

(b) A will grow brighter and B will grow dimmer.
(c) Neither bulb will will change brightness

(d) A will grow dimmer and B will grow brighter.
(e) A and B will both grow brighter.

>

= O
-
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Form 4A

(05)

(06)

Question value 8 points
A proton (charge +e, mass m) and an alpha-particle (charge +2e, mass 4m) are both moving perpendicular to a uniform
magnetic field magnitude B, resulting in circular trajectories for both particles in the plane perpendicualr to the field. What
are the relative periods of their respective orbits? (Recall that period is the time required to complete one lap.)

(a)

(b)
(©)
(d)
(e)

The periods cannot be compared without
knowing the radii of the two orbits.

T, =T,/2

T, = 2T,

T, =T,

The periods cannot be compared without

knowing the speeds of the two particles.

Question value 8 points

A wire of length L is formed into a single circular loop. When a current / is driven
through the loop, the magnetic field strength at a distance d = 5L along the axis of
the loop is Bo. If the same wire is then wound into a 2-loop circular coil, and the
same current / is driven through the coil, what will be the magnetic field strength
at a distance 2d along the axis of the coil? Hint: in both cases, the distance from
the loop is much greater than the size of the loop, so you can use the d >> R limit.

(a)
(b)
(©)
(d)
(e)

Bo/16
Bo/4
Bo/2
Bo/8
Bo

Il

2d

TS

...not to scale...

i

N=2
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