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Fall 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 
immediately below your printed name. 

 

• Free-response problems are numbered I–III. Show all your work clearly, including all 
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.  

 
Test Form: 

4A 
 

 

• 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.  
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Question value  8 points 
(01) A rectangular slab of conducting material has a current flowing through it from left 

to right.  The conductor is in a uniform magnetic field, directed from back to front 
through the slab. What can be said about the Hall Potential across the slab? 

 
(a) There is no Hall Potential across the slab in this situation. 

 

(b) There is a potential difference from front to back, with the front 
being at higher potential. 

 

(c) There is a potential difference from front to back, with the back 
being at higher potential. 

 

(d) There is a potential difference from top to bottom, with the top 
being at higher potential. 

 

(e) There is a potential difference from top to bottom, with the bottom 
being at higher potential. 

 

(f) There is a potential difference from left to right, with the left side 
being at higher potential. 

 

(g) There is a potential difference from left to right, with the right side 
being at higher potential. 

 
 

 

 
 
 
 
 
Question value  8 points 

(02) In the figure at right, a 40-cm wide slide rail is pushed toward a 4-Ω resistor at a 
steady speed of 5 m/s.  A 1-T magnetic field is directed out of the page.  Assume the 
slide rail and the fixed rails are ideal conductors.  What is the induced current through 
the resistor? 

 
(a) 1.0 A, upward. 

(b) 0.5 A , downward. 

(c) There is no current at the moment shown. 

(d) 1.0 A, downward. 

(e) 0.5 A, upward. 
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Question value  8 points 

(03) A conducting wire of radius 𝑅 has a uniform current density 𝐽! flowing through its 
cross-sectional area. What is the magnetic field inside the wire, at a distance 𝑟 from 
the central axis of the wire? 

 
(a) 

!"	#"
$%	&

 

(b) 
!"	#"	'#

$	&
 

(c) 
!"	#"	&
$

 

(d) 
!"	#"
$%	'

 

(e) 
!"	#"	&#

$	'
 

 
 

 

 
 
 
 
 
 
Question value  8 points 

(04) An LC oscillator circuit consists of a capacitor in series with an inductor.  At time 𝑡!, the capacitor has full charge 𝑄$%& and 
no current flows through the inductor. At some later time 𝑡',  the capacitor has charge 𝑄' = 𝑄$%&/2 and a current 𝐼'.  If we 
observe a full cycle of the LC oscillation, what is the maximum current that will flow through the inductor? 

 
 

(a) 𝐼$%& = 1.15	𝐼' 
 

(b) 𝐼$%& = 1.73	𝐼' 
 

(c) 𝐼$%& = 2.00	𝐼' 
 

(d) 𝐼$%& = 1.41	𝐼' 
 

(e) 𝐼$%& = 1.25	𝐼' 
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The next two questions involve the following situation: 

 In the circuit segment at right, a voltmeter measures the potential difference across 
points a and b to be ∆𝑉 = 𝑉% − 𝑉( = +8.4	V, and an ammeter measures the current 
in the segment to be 1.5 A, flowing right to left. 

 
 

Question value  4 points 
(5.1) At the moment shown, what (if anything) is happening to the current? 

 
(a) The current is decreasing at a rate of 3.8 A/s. 

(b) The current is increasing at a rate of 2.8 A/s. 

(c) The current is decreasing at a rate of 1.8 A/s. 

(d) The current is increasing at a rate of 1.8 A/s. 

(e) The current is increasing at a rate of 3.8 A/s. 

(f) The current is decreasing at a rate of 2.8 A/s. 
 

 

 
 
 
 
 
 
 
 
 
Question value  4 points 

(5.2) At the moment shown, what is the power output (if positive) or power absorption (if negative) for the inductor coil? 
 

(a) 𝑃) = 0	W 

(b) 𝑃) = +8.1	W 

(c) 𝑃) = −12.6	W 

(d) 𝑃) = +17	W 

(e) 𝑃) = +12.6	W 

(f) 𝑃) = −17	W 

(g) 𝑃) = −8.1	W 
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The following problem will be hand-graded.  Show all supporting work for this problem. 

(6) (20 points)  A length of wire is bent into a rectangular arc as shown at right. 
The arc subtends an angle of 30° and extends from radius 𝑅 to radius 1.2𝑅.  A 
current 𝐼 flows clockwise around the loop. 

 
Determine the magnetic field (magnitude and direction) at the origin.  Express 
your answer in terms of 𝐼, 𝑅, and 𝜇!. 
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The following problem will be hand-graded.  Show all supporting work for this problem.  

(7) (20 points)  A uniform magnetic field of magnitude 𝐵 lies along the positive z-axis, as 
shown in the figure below.  An electron (mass 𝑚,	charge −𝑒) enters the magnetic field 
traveling with a speed 𝑣 directed at an angle 𝜃 above the xy-plane, and consequently 
follows a helical trajectory through the field.  The pitch 𝑝 of the helix is defined to be 
the vertical distance between two successive laps around the helix (see figure). 

 
Find an expression for the pitch of the helix, in terms of 𝐵, 𝑚, 𝑒, 𝑣, and/or  𝜃, as needed. 
[Hint: start by decomposing the initial velocity vector into horizontal (𝑣*) and vertical 
(𝑣∥) components.] 
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The following problem will be hand-graded.  Show all supporting work for this problem. 

(8) (20 points)  A uniform magnetic field of constant magnitude 𝐵 fills the 𝑥 < 0 half-
plane. The field points in the negative z-direction.  A square loop with sides of length 
𝐿 is initially at rest, with its left side at 𝑥 = −𝐿 and its right side at 𝑥 = 0 (top).  At 
time 𝑡 = 0, the loop is pulled to the right with a constant acceleration of magnitude 
𝑎 (bottom). 

 
Determine the magnitude of the induced emf in the loop as a function of time: ℰ(𝑡), 
valid for ALL positive values of 𝑡. Express your answer in terms of 𝐵, 𝐿, 𝑎, and 𝑡. 
Keep in mind that the loop will fully exit the field at some point!  [Hint: start by 
working out some constant-acceleration kinematics.] 

 

 
 

 


