
Name________________________________________ 

Physics 111 Quiz #3, October 9, 2015 

Please show all work, thoughts and/or reasoning in order to receive partial credit.  The quiz is 
worth 10 points total. 

I affirm that I have carried out my academic endeavors with full academic honesty. 

____________________________ 

Suppose a beam of electrons is traveling from left to right across the page with speed v = 3×106 m
s .  The 

electrons then enter a region of crossed electric and magnetic fields as shown below.  The magnitude of 
the electric field (the orange arrows) is variable and exits only between the upper and lower plates (black 
lines) while the magnitude of the magnetic field (blue dots) is fixed at a value of B = 1mT and exits 
everywhere as shown.  Placing charges of equal and opposite magnitudes on the upper and lower plates, 
thus creating a potential difference across the plates generates the electric field.  A distance of Δy = 5cm
separates the upper and lower plates. 

 

 

 

 

 

1. What is the potential difference needed across the upper and lower plates so that the electron beam 
goes undeflected between the plates?  That is, assume that the electrons enter at the midpoint between 
the two plates and exit at the midpoint between the two plates. 
a. The potential difference is given by ΔV = qvB( )Δy = 2.4 ×10−17V . 

b. The potential difference is given by ΔV =
qv2B( )
Δy

= 2.9 ×10−8V . 

c. The potential difference is given by ΔV = vB( )Δy = 150V . 

d. The potential difference is given by ΔV = vB
Δy

= 6.0 ×104V . 
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2. When the beam of electrons reaches the end of the plates the electric field vanishes and only a 
magnetic field remains.  To see the beam of electrons a detector needs to be placed somewhere.  
Where should the electron detector be placed to see the beam of electrons after they exit the plates?   

 

In the region of magnetic field only, the electrons feel a magnetic force.  The direction of the force 
by the right-hand-rule is initially directed up the page so the detector needs to be placed above 
where the electrons exit.  The distance above is determined from the magnitude of the magnetic 
force. 

FB = mac → qvB = m v2

R
→ R = mv

qB

∴D = 2R = 2mv
qB

= 2 × 9.11×10
−31kg × 3×106 m

s

1.6 ×10−19C ×1×10−3T
= 0.0342m = 3.42cm

 

 

3. Instead of crossed electric and magnetic fields suppose that you have two vertically oriented wires 
separated by a distance of d = 0.25m each with a current I = 5A flowing with magnitude as shown 
below.  Now suppose that your beam of electrons were moving up the plane of the page along the 
midpoint between the two wires.  Determine the net force on the beam of electrons at the midpoint 
between the two wires. 
 
The magnetic field directions from wire #1 and wire #2 are shown on the diagram.  The directions 
were determined using the right hand rule.  Both magnetic field vectors lie in the plane of the page 
(and the net magnetic field would be the sum of the two) and the net force that the electrons would 
feel at the midpoint would be zero since the charges are moving parallel to the net magnetic field. 
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