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MC5: multiple-choice-five-answer questions, each worth 6 points.  
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1)

FALL 2014 Exam 2 (A)

A single resistor is made by attaching two blocks of different materials to two
conducting plates, as shown in the figure. The two blocks have identical cross

sectional areas A = 1.5 × 10-4 m2 and identical lengths L = 0.1 m. The materials have
different resistivities:  3  and  5 . What is the total
resistance  of the combined element?

R = 42 a. 
R = 13 b. 
R = 53 c. 
R = 0.83 d. 
R = 21 e. 

=ρ1 × Ω ⋅ m10−8 =ρ2 × Ω ⋅ m10−8

R

μΩ
μΩ
μΩ

μΩ
μΩ
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Even if you split this system along the red line, nothing changes, because both sides have the same voltage at every point of contact.
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The next two questions pertain to the situation described below.

The parallel plate capacitor shown in the figure
is charged by a 6 V battery. The plate separation
is d = 5 cm, and the surface area of each plate is
A = 500 cm2.

What is the resulting magnitude of the charge Q stored on each plate of the capacitor?

Q = 0.0015 nCa. 
Q = 1.3 nCb. 
Q = 0.11 nCc. 
Q = 0.053 nCd. 
Q = 0.003 nCe. 

If the capacitor had included a dielectric material with dielectric strength  placed between the two plates,
how would the energy stored in the capacitor change?

The energy stored would increase by a factor of .a. 
The energy stored would decrease by a factor of .b. 
The energy stored would be the same.c. 

κ

κ
κ
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What happens is: more charge flows into the capacitor from the battery,and larger +Q and -Q can store larger potential energy.
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The next three questions pertain to the situation described below.

A group of resistors are connected to a 12 V battery in the configuration shown in the figure, with ammeter
probes placed at several locations as well. The resistance of the first element is  2 .

What is the equivalent resistance  of the total configuration?

 = 4.44 a. 
 = 20 b. 
 = 3.33 c. 
 = 0.3 d. 
 = 15 e. 

Which statement best describes the measurements of current made at the locations of ammeter probes 1
and 4?

The current at point 1 would be larger than at point 4.a. 
The current at point 4 would be larger than at point 1.b. 
The currents would be equal.c. 

Which statement best describes the measurements of current made at the locations of ammeter probes 2
and 3?

The current at point 3 would be larger than at point 2.a. 
The currents would be equal.b. 
The current at point 2 would be larger than at point 3.c. 

=R1 Ω

REQ

REQ Ω
REQ Ω
REQ Ω
REQ Ω
REQ Ω
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As you see from the above figure, one branch is 5R1 andthe other is 5R1/2.  The are in parallel, so	Rtotal = (25R1^2/2)/(15R1/2) = 5R1/3			= 10/3 ohms.
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yoshioono
Pencil

yoshioono
Typewritten Text
Probe 3 is in the branch with a smaller resistance than Probe 2, so as to the currents			3 > 2.
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The next three questions pertain to the situation described below.

Mass spectrometers often contain a device called a velocity selector, which consists of a chamber with
perpendicular  and  fields. The magnitudes of the fields are such that only particles with speed

 travel along a straight line trajectory b through the opening at the far end of the chamber.

Given the  field pointing up, which direction of the  field would give the observed trajectory b? You
may assume that the particle charge Q is positive.

out of the pagea. 
to the rightb. 
to the leftc. 
into the paged. 
the B field is zeroe. 

Does your answer to the previous problem change if the charge Q is negative?

Noa. 
Yesb. 

As shown in the figure, two other particles travel along the dotted trajectories a and c. Which of the
following statements must be true? Again assume Q is positive.

a. 
b. 
c. 

E⃗ B⃗ 
= 1 × m/svb 105

E⃗ B⃗ 

> >va vb vc
= =va vb vc
< <va vb vc
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The next two questions pertain to the situation described below.

Consider a beam of identical particles with the same charge Q and mass m travelling along the dotted
trajectories as they enter a region containing a uniform  field pointing into the page.

What is the sign of the charge of the particles?

negativea. 
the sign cannot be determinedb. 
positivec. 

Particles moving along which trajectory have the largest speed?

trajectory ca. 
trajectory ab. 
trajectory bc. 

B⃗ 
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The next three questions pertain to the situation described below.

Consider the following circuit:  10 ,  8 ,  3 ,  17  and  8 . Initially the switch
is open.

You connect a voltmeter at points A and B in the circuit. What is the electric potential difference,
, measured between those points?

 12 Va. 
 17 Vb. 
 9 Vc. 

Now the switch is closed. Using the same voltmeter as above, you measure the electric potential
difference  3.33 . In which direction does the current flow through resistor ?

no current flowsa. 
upb. 
downc. 

What is the current  through resistor  after the switch is closed?

0.8 Aa. 
1.7 Ab. 
1.4 Ac. 

=R1 Ω =R2 Ω =R3 Ω =ε1 V =ε2 V

Δ = –VAB VA VB

Δ =VAB
Δ =VAB
Δ =VAB

Δ = – =VAB VA VB V R3

I1 R1

=I1
=I1
=I1
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or I1 = 163/134 = 1.2164 A.I2 = (17-13x1.2164)/3 = 0.3956 A
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Check: from I1: Va - Vb = 17 - 10x1.2164 = 4.836 Vfrom I2: Va - Vb = 8 - 8 x 0.3956 = 4.835 Vfrom I3: Va - Vb = 3 (1,2164+0.3956) = 4.836 V
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The next three questions pertain to the situation described below.

Consider the following RC circuit:  3 ,  6 , C = 0.4 , and  = 9 V. Initially the capacitor is
uncharged. At some time, the switch is closed.

What is the current out of the battery, , immediately after the switch is closed?

 1 mAa. 
 3 mAb. 
 1.5 mAc. 
 0 mAd. 
 22 mAe. 

What is the current out of the battery, , a long time after the switch is closed?

 1.5 mAa. 
 22 mAb. 
 0 mAc. 
 3 mAd. 
 1 mAe. 

How much time does it take for the charge Q to decrease to  of its initial value after the switch is
re-opened?

1.7 msa. 
0.83 msb. 
2.5 msc. 

=R1 kΩ =R2 kΩ μF ε

Ibatt

=Ibatt
=Ibatt
=Ibatt
=Ibatt
=Ibatt

Ibatt

=Ibatt
=Ibatt
=Ibatt
=Ibatt
=Ibatt

50%

=t50%
=t50%
=t50%
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The next three questions pertain to the situation described below.

A rectangular loop of length L = 0.445 m and width W = 0.285 m carries a current I = 3.9 A is exposed to a
uniform magnetic field of magnitude B = 5.5 T, as shown in the figure.

What is the magnitude of the force experienced on wire segment AB?

FAB = 2.09 Na. 
FAB = 3.26 Nb. 
FAB = 9.55 Nc. 
FAB = 8.97 Nd. 
FAB = 5.74 Ne. 

What is the magnitude of the torque exerted on the loop?

2.56 Nma. 
1.06 Nmb. 
0.93 Nmc. 

As seen from the front, in which direction will the loop rotate?

Counterclockwisea. 
Clockwiseb. 
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The next three questions pertain to the situation described below.

Three long, straight wires, are
arranged as shown in the figure:

a = 3.5 m , b = 2 m and θ = 30o. Each
wire carries a current I = 8.8 A

Which vector best represents the direction of the total magnetic field at the origin due to the three wires?

Figure Ba. 
Figure Cb. 
Figure Dc. 
Figure Ed. 
Figure Ae. 

What is the magnitude of the total magnetic field at the origin, Btotal , due to the three wires?

Btotal = 9.76 × 10-7 Ta. 
Btotal = 1.24 × 10-6 Tb. 
Btotal = 1.34 × 10-6 Tc. 
Btotal = 1.75 × 10-6 Td. 
Btotal = 1.89 × 10-6 Te. 

What is the direction of the net force on one meter of Wire 3 due to the other two wires?

+x-directiona. 
0b. 
+y-directionc. 
-y-directiond. 
-x-directione. 
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The next two questions pertain to the situation described below.

A bar magnet sits at an angle  50  in a magnetic field as shown. Assume the bar magnet is a magnetic
dipole.

When the magnet is aligned with the magnetic field  = -1.5 J . What is the torque  experienced by
the magnet in the figure above.

 = 1.79 N ma. 
 = 0.964 N mb. 
 = 1.15 N mc. 

If the magnetic field has strength  = 0.8 , what is the magnetic moment of the bar magnet?

 1.88 a. 
 0.919 b. 
 1.2 c. 
 1.44 d. 
 0.771 e. 

θ = ∘

Udip τ

τ
τ
τ

| |B⃗ T

μ = A ⋅ m2

μ = A ⋅ m2

μ = A ⋅ m2

μ = A ⋅ m2

μ = A ⋅ m2
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rπ

Iμ
Bwire

2

0  nIμBsol 0  
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Electromagnetic induction: 

t
Nε




  φBAcos  

barε BLv  tωNABωtωεε maxgen sinsin   fπω 2  

2

max
rms

V
V   

2

max
rms

I
I   

s

p

p

s

s

p

N

N

I

I

V

V
  

 

Electromagnetic waves: 

f

c
λ   cBE   

2
0

2

1
EεuE   2

02

1
B

μ
uB   

0

2
2

0
2

0

2
0

2

1

2

1

μ

B
EεB

μ
Eεu rms

rmsrmsrms   cuIS   











c

u
ff 1  θII 2

0 cos  

 

Reflection and refraction: 

ir θθ   
fdd io

111
  

2

R
f   

o

i

o

i

d

d

h

h
m   

2211 sinsin θnθn   
n

c
v   

1

2sin
n

n
θc   

f

d

θ

θ
M near


  

 

Interference and diffraction:  

Double slit interference: λmθd sin  λmθd )(sin
2
1  2,1,0 m  

Single-slit diffraction: sina θ mλ   2,1 m   

Circular aperture: sin 1.22a θ λ  

Thin film:  )or0(
2
1

1 δ  
0

2
1

2 2)or0(
λ

n
tδ

film
  )or(

2
1

12  mmδδ  2,1,0m  

 

Quantum mechanics: 

λ

hc
hfE   

p

h
λ   

2


 xpx  

π

h

2
  

Bohr atom:  λnrπ n 2  3,2,1n  nrmvL nnn   

Z

n
m

Z

n

mke
rn

2
11

2

2

2

)1029.5( 















  

2

2

2

2

2

42

)6.13(
2 n

Z
eV

n

Zemk
En 
















 














 

22

217 11
)10097.1(

1

if nn
Zm

λ
 

Quantum atom:   )1( L  mLz   
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Nuclear physics and radioactive decay: 

NZA   3/115 )102.1( Amr   
2

0 mcE   

Nλ
t

N





 2/12)( 00

Tttλ NeNtN
   

λλ
T

693.02ln
2/1   

 

Constants and unit conversions: 

2/8.9 smg   Ce 191060.1   

2212
0 /1085.8 NmCε   229

0

/1099.8
4

1
CNm

πε
k   AmTπμ /104 7

0  
 

sm
με

c /103
1 8

00

  sJh  3410626.6  1240hc nm eV   

JeV 191060.11   MeVkgmproton 9381067.1 27    keVkgmelectron 5111011.9 31  
 

 

 

 

SI Prefixes 

Power Prefix Symbol 

109 giga G 

106 mega M 

103 kilo k 

100 — — 

10–3 milli m 

10–6 micro μ 

10–9 nano n 

10–12 pico p 
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