
1.  Determine the initial direction of the deflection of charged particles as they enter the 

magnetic fields shown in the figure below.  
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2. Consider an electron near the Earth's equator. In which direction does it tend to deflect if 

its velocity is directed in each of the following directions? (a) downward (b) northward (c) 

westward (d) southeastward 

 

Solution:  

Top view looking at the ground from above: 

 

 

 

 

 

 

 

 

 

 

(a) downward 

 

 

 

 

 

 

 

 

 

 

(b) northward 
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Notes:  

1. Magnetic field is from South to North 

2. 2. Electron is negative charge 
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(c) westward 
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3. A proton travels with a speed of v at an angle of θ with the direction of a magnetic field 

of magnitude B in the positive x-direction. (a) What is the magnitude of the magnetic 

force on the proton? (b) What is the proton's acceleration? 

 

Solution: 
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4. An electron is accelerated through a potential difference of V from rest and then enters 

a uniform magnetic field B. (a) What is the maximum magnitude of the magnetic force 

this particle can experience? (b) What is the proton's acceleration? 

 

(a) Magnitude of charge of an electron is e.  Let the mass of an electron be m. 
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5.   A proton moves with a velocity of = (vx  + vy  + vz ) m/s in a region in which the 

magnetic field is = (Bx  + By  + Bz ) T. What is the magnitude of the magnetic force 

this particle experiences? 

 

Solution: 

Charge of a proton is e.   

 

2

xzzx

2

xzzx

2

xyyxB

xzzxxzzxxyyx

zyx

zyxB

)Bv-B(v)BvB(v)BvB(v  |F|
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6.  An electron moves in a circular path perpendicular to a uniform magnetic field with 

a magnitude of B. If the speed of the electron is v, determine the following. (a) the radius 

of the circular path. (b) the time interval required to complete one revolution. 

Solution: 

   Magnitude of charge of an electron = e  
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7.  An electron moves in a circular path perpendicular to a constant magnetic field with a 

magnitude of B. The angular momentum of the electron about the center of the circle is L. 

(a) Determine the radius of the circular path.  (b) Determine the speed of the electron. 

 

Solution: 

Magnitude of electron charge = e 
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8.  Assume the region to the right of a certain plane contains a uniform magnetic field of 

magnitude b and the field is zero in the region to the left of the plane as shown in the figure 

below. An electron, originally traveling perpendicular to the boundary plane, passes into the 

region of the field. 

 

(a) Determine the time interval required for the electron to leave the "field-filled" region, 

noting that the electron's path is a semicircle. 

(b) Assuming the maximum depth of penetration into the field is L, find the kinetic energy of 

the electron. 

 

Solution:                   

(a) Radius of the semicircular path is L.  Magnitude of 

electron charge is e. 
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9.  A velocity selector consists of electric and magnetic fields described by the expressions 

= E and = B . Find the value of E such that an electron of energy K moving in the 

negative x direction is undeflected. 

 

Solution: 

 

 

 

 

Charge of electron = -e 
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10.  Consider the mass spectrometer shown schematically in the figure below. The 

magnitude of the electric field between the plates of the velocity selector is E, and the 

magnetic field in both the velocity selector and the deflection chamber has a magnitude of B. 

Calculate the radius of the path for a singly charged ion having a mass m. 

 

 

 

 

 

 

 

 

 

 

 

First calculate the velocity of the particle leaving the velocity selector: 
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We can now calculate the radius of the circular path in the mass spectrometer: 
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11.  A charged particle of mass m is moving at a speed of v.  Suddenly, a uniform magnetic 

field of magnitude B in a direction perpendicular to the particle's velocity is turned on and 

then turned off in a time interval of t. During this time interval, the magnitude and direction 

of the velocity of the particle undergo a negligible change, but the particle moves by a 

distance of δ in a direction perpendicular to the velocity. Find the charge on the particle. 

 

Solution: 

 

 

 

 

 

 

 

 

 

 

Let the charge of the particle be q. 

When the field is turned on, 
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12.  A conductor carrying a current I is directed along the positive x axis and perpendicular 

to a uniform magnetic field. A magnetic force per unit length of f acts on the conductor in 

the negative y direction. (a) Determine the magnitude of the magnetic field in the region 

through which the current passes. (b) Determine the direction of the magnetic field in the 

region through which the current passes. 

 

Solution: 

 

 

 

(a) 

I

f
  B                              

IB
L

F
  f                              

ILBF                             

dsIBdF                             

IBdsdF  90sin  IdsBdF

,B lar toperpendicu Llength  of restraigh wi aFor 

BsIddF

B

B

B

B

o

B

B

=⇒

==⇒

=⇒

=⇒

=⇒=

×=

∫∫

r

rr

 

(b)  
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13.  A wire having a mass per unit length λ carries a current I horizontally to the south. (a) 

What is the direction of the minimum magnetic field needed to lift this wire vertically 

upward? (b) What is the magnitude of the minimum magnetic field needed to lift this wire 

vertically upward? 

 

Solution: 

 

 

 

 

(a) To produce an upward magnetic force, it is necessary for the magnetic field pointing 

towards east (see figure above). 

 

(b)  
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14. A rod of mass M and radius R rests on two parallel rails (see figure below) that are d 

apart and L long. The rod carries a current of I in the direction shown and rolls along the rails 

without slipping. A uniform magnetic field of magnitude B is directed perpendicular to the 

rod and the rails. If it starts from rest, what is the speed of the rod as it leaves the rails? 

(Assume that the rod is of uniform density.) 

 

 

Solution: 
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15.  A horizontal power line of length L carries a current of I northward as shown in the 

figure below. The Earth's magnetic field at this location has a magnitude of B. The field at 

this location is directed toward the north at an angle θ below the power line. 

 
(a) Find the magnitude of the magnetic force on the power line. (b) Find the direction of the 

magnetic force on the power line. 

Solution: 

Do part (b) first, using right hand rule: 
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