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Physics	  2212G/H	   Test	  form	  	  	  733	   Name	  ___________________________	  
Spring	  2017	  
Test	  3	   	   Recitation	  Section	  (see	  back	  of	  test):__________	  
1)	   Print	   your	   name,	   test	   form	   number	   (above),	   and	   nine-‐digit	   student	   number	   in	   the	   section	   of	   the	  

answer	  card	  labeled	  "STUDENT	  IDENTIFICATION".	  
	  
2)	   Bubble	  your	  test	  form	  number	  (ABOVE)	  in	  columns	  1-‐3,	  skip	  column	  4,	  then	  bubble	  in	  your	  student	  

number	  in	  columns	  5-‐13.	  
A	  

	  
3)	   For	   each	   free-‐response	   question,	   show	  all	   relevant	  work	   supporting	   your	   answer.	   	   Clearly	  box	  or	  underline	   your	  

final	  answer.	  	  “Correct”	  answers	  which	  are	  not	  supported	  by	  adequate	  calculations	  and/or	  reasoning	  will	  be	  counted	  
wrong.	  

	  
4)	   For	  each	  multiple-‐choice	  question,	  select	  the	  answer	  most	  nearly	  correct,	  circle	  this	  answer	  on	  your	  test,	  and	  bubble	  

it	  in	  on	  your	  answer	  card.	  	  Show	  all	  relevant	  work	  on	  your	  quiz.	  
	  
5)	   Be	  prepared	  to	  present	  your	  Buzzcard	  as	  you	  turn	   in	  your	   test.	   	  Scores	  will	  be	  posted	  to	  WebAssign	  after	   they	  have	  

been	  been	  graded.	  	  Quiz	  grades	  become	  final	  when	  the	  next	  quiz	  is	  given.	  
	  
6)	   You	  may	  use	  a	  simple	  scientific	  calculator	  capable	  of	  logarithms,	  exponentials,	  and	  trigonometric	  functions.	  	  

Programmable	  engineering	  calculators	  with	  text	  or	  graphical	  capabilities	  are	  not	  allowed.	  	  Wireless	  devices	  
are	  prohibited.	  

	  

Numerical	  Constants:	  

k	  =	  8.99×109	  N·m2/C2	  

eo	  =	  8.85×10–12	  C2/N·m2	  

e	  =	  1.60×10–19	  C	  

g	  =	  9.81	  m/s2	  

me	  =	  9.11×10–31	  kg	  

mp	  =	  1.67×10–27	  kg	  

	  
	  

	  
	  

Your	  test	  form	  is:	  	  733 	  

	  
	  
	  
	  

Our	  next	  test	  will	  be	  on	  Tuesday,	  April	  11	  
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733	  

The	  following	  problem	  will	  be	  hand-‐graded.	  	  	  Show	  all	  your	  work	  for	  this	  problem.	  	  Make	  no	  marks	  and	  leave	  no	  space	  on	  your	  
answer	  card	  for	  it.	  
 
[I] (20 points)  In the figure at right, a network of four capacitors have been 

hooked up to an emf (not shown), and charged up until eqilibrium has been 
established—after which the emf was removed and the network was isolated.  
A careful measurement of capacitor C reveals that it has a total charge Q 
stored on it. 
 
Determine the charge stored on each of the other three capacitors, expressing 
each as a fraction or multiple of Q. 
 
Determine the potential across each capacitor, expressed in terms of the 
parameters Q and C.  
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733	  

The	  following	  problem	  will	  be	  hand-‐graded.	  	  	  Show	  all	  your	  work	  for	  this	  problem.	  	  Make	  no	  marks	  and	  leave	  no	  space	  on	  your	  
answer	  card	  for	  it.	  

 
[II] (20 points)  A parallel-plate capacitor having area A and separation d 

has a capacitance in vacuum (or air) of 𝐶o = 𝜀o𝐴/𝑑.  You wish to 
make a capacitor filled with unicornium (dielectric constant 𝜅 = 33), 
but unicornium is rare, and you only have enough to fill your 
capacitor with a thickness d/4 of the material—the remainder of the 
gap between the plates will be filled with air (𝜅 = 1).  However, a 
partially filled capacitor can be modeled as an air-filled capacitor 
(plate separation 3d/4) that is in series with a dielectric-filled 
capacitor (plate separation d/4). 

 

 
(i) What will be the overall capacitance of the partially-filled capacitor?  Express your answer as a numerical multiple of 

the vacuum/air capacitance value, 𝐶o. 
 

(ii) Charge ±Q is placed on the capacitor plates, resulting in surface charge density of magnitude 𝜂!"# = 𝑄/𝜀o𝐴 on the 
conducting plates.  What will be the magnitude of the polarization charge density 𝜂!"# induced on the surfaces of the 
unicornium?  Express your answer as a numerical multiple of 𝜂!"#.. 
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733	  

The	  following	  problem	  will	  be	  hand-‐graded.	  	  	  Show	  all	  your	  work	  for	  this	  problem.	  	  Make	  no	  marks	  and	  leave	  no	  space	  on	  your	  
answer	  card	  for	  it.	  
 
[III] (20 points)  A cylindrical conductor of radius R carries a non-uniform 

current density that depend on the distance r from the center of the wire: 
 
 𝐽 𝑟 = 𝐽o ∙ 1 − 𝑟! 𝑅!   

Here, 𝐽o is a positively-valued constant. 
 
 

 

 
 

(i) Determine the total current flowing in the wire.  Express your answer in terms of R and 𝐽o 
 
(ii) What fraction of the total current is flowing in the central portion of the wire, extending from r = 0 to r = R/2? 
 

  

Rr J(r)
I
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733	  

Question	  value	  	  8	  points	  
(1) A joint in a conducting wire is constructed from three pieces of 

material, as shown at right.  The two flaring outer sections are 
made of iron, with resistivity 𝜌!.  Their radii vary smoothly from 
R at the ends to R/2 near the center.  The narrow cylindrical neck 
is made of aluminum, with resistivity 𝜌! = 𝜌!/3.  A current I 
flows through the conductor.  What is the ratio of the electric field 
magnitudes at point A (far right) and point B (center of the neck)? 
 
(a) 𝐸! = 2/3  𝐸! 
(b) 𝐸! =   𝐸! 
(c) 𝐸! = 3/4  𝐸! 
(d) 𝐸! = 4/3  𝐸! 
(e) 𝐸! = 3/2  𝐸!  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Question	  value	  	  8	  points	  

(2) A wire of cross-section A carries a time-dependent current, given by 𝐼 𝑡 =   𝑎𝑡!, where 𝑎 = 6.0×10!!    A/𝑠!.     How much 
total charge Q passed through A between t = 0 and t = 10 s? 
 
(a) Q = 1.8 C 
(b) Q = 2.0 C 
(c) Q = 6.0 C 
(d) Q = 1.2 C 
(e) Q = 3.0 C 
 
 
 

  

I I

R
R/2

!1 !2 !1A
B
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Question	  value	  	  8	  points	  
(3) The electric potential in the xy-plane is given by the expression 𝑉 𝑥, 𝑦 = 𝐴(𝑥! − 𝑥𝑦 + 𝑦!), where A is a positive constant, 

and x and y can take both positive and negative values.  What is the direction of the electric field on the positive x axis, at a 
distance d from the origin (that is, as position x = d, y = 0)?  Express your answer as an angle measured counterclockwise 
from the positive x-direction. 
 
(a) θ = 63.4° 
(b) θ = 333° 
(c) θ = 180° 
(d) θ = 153° 
(e) θ = 315° 

 
 
 
 
 
 
 
 
 
 
 
Question	  value	  	  8	  points	  

(4) Five identical cylindrical copper wires, having resistivity ρ, length l, and diameter d, 
are soldered together as shown at bottom right.  What is the total resistance R of the 
resulting conductor, as measured between points A and B?  Hint: Start by finding the 
resistance of just one segment of copper wire.  
 
(a) 𝑅 = 3  𝜌  𝜋𝑑!/  𝑙 

(b) 𝑅 = 5  𝜌  𝑙  /  𝜋𝑑! 
(c) 𝑅 = 5𝜌  𝜋𝑑!  𝑙 
(d) 𝑅 = 𝜌  𝜋𝑑!/  3𝑙 
(e) 𝑅 = 20  𝜌  𝑙  /  𝜋𝑑! 

 
 

 

 
 
 
 

l
d ! =

A B
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Question	  value	  	  4	  points	  
(5) An isolated parallel-plate capacitor has charge Q. The capacitor’s plates are initially 

separated by a distance d.  While still isolated, the plates are carefully pulled apart, 
increasing the separation to 2d.  If the energy initially stored by the capacitor was 𝑈o, 
what will be the energy stored after increasing the plate separation? 
 
(a) 𝑈! = 𝑈o 
(b) 𝑈! = 𝑈o/4 
(c) 𝑈! = 4𝑈o 
(d) 𝑈! = 2𝑈o 
(e) 𝑈! = 𝑈o/2 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Question	  value	  	  4	  points	  

(6) A parallel-plate capacitor is charged by attaching it to an emf ℇ.  The capacitor’s plates 
are initially separated by a distance d.  While still connected to the emf, the plates are 
carefully pulled apart, increasing the separation to 2d.  If the energy initially stored by 
the capacitor was 𝑈o, what will be the energy stored after increasing the plate 
separation? 
 
(a) 𝑈! = 4𝑈o 
(b) 𝑈! = 𝑈o 
(c) 𝑈! = 𝑈o/4 
(d) 𝑈! = 2𝑈o 

(e) 𝑈! = 𝑈o/2 
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PHYS	  2212	  G/J	  	  Recitation	  TA	  and	  Room	  Assignments	  
	  

	  
	  

Tests	  will	  be	  returned	  in	  recitation,	  in	  the	  week	  after	  the	  test.	  	  In	  order	  to	  ensure	  that	  you	  receive	  your	  test	  back	  
as	  soon	  as	  possible,	  please	  enter	  your	  recitation	  section	  from	  the	  table	  above	  (G01–G10)	  on	  the	  front	  of	  this	  test.	  

 
 
 


