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Chapter 28 
Direct Current Circuits  
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28.3 Kirchhoff’s Rules  
•  It is not possible to reduce a circuit to a single loop. The 

procedure for analyzing more complex circuits is greatly 
simplified if we use two principles called Kirchhoff ’s 
rules:  
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28.3 Kirchhoff’s Rules  
•  Loop rule 
•  Rules for determining the potential differences across a 

resistor and a battery:  
(a) Because charges move from the high-potential end of 
a resistor toward the low-potential end, if a resistor is 
traversed in the direction of the current, the potential 
difference ΔV across the resistor is – IR 
 

(b) If a resistor is traversed in the direction opposite the 
current, the potential difference ΔV across the resistor is 
+ IR.  
 

(c) If a source of emf (assumed r=0) is traversed in the 
direction of the emf (from – to +), the potential difference 
ΔV is + ε. The emf of the battery increases the electric 
potential as we move through it in this direction.  
 

(d) If a source of emf (assumed r=0) is traversed in the 
direction opposite the emf (from + to - ), the potential 
difference ΔV is -ε. The emf of the battery reduces the 
electric potential as we move through it.  
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•    
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Chapter 29 
Magnetic Field 

 
29.1  Magnetic Fields and Forces  
29.2  Magnetic Force Acting on a Current-Carrying Conductor  
29.4  Motion of a Charged Particle in a Uniform Magnetic Field  
29.5  Applications Involving Charged Particles Moving in a 
Magnetic Field  
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Introduction  
• Every magnet, regardless of its shape, has two poles, 

called north (N) and south (S) poles, that exert forces on 
other magnetic poles similar to the way that electric 
charges exert forces on one another.  

•  That is, like poles (N–N or S–S) repel each other, and 
opposite poles (N–S) attract each other.  

• A single magnetic pole has never been isolated. That is, 
magnetic poles are always found in pairs.  
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29.1 Magnetic Fields and Forces  
•  The region of space surrounding any moving electric 

charge also contains a magnetic field.  
• A magnetic field also surrounds a magnetic substance 

making up a permanent magnet.  
•  The symbol B has been used to represent a magnetic 

field. 
•  The direction of the magnetic field B at any location is the 

direction in which a compass needle points at that 
location.  

• we can represent the magnetic field by drawing the 
magnetic field lines.  
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29.1 Magnetic Fields and Forces  
•  The magnetic field lines of a 

bar magnet can be traced 
with the aid of a compass.  

•  The magnetic field lines 
outside the magnet point 
away from north poles and 
toward south poles.  
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29.1 Magnetic Fields and Forces  
• We can define a magnetic field B at some point in space in 

terms of the magnetic force FB that the field exerts on a 
charged particle moving with a velocity v, which we call the 
test object.  

• Properties of the magnetic force on a charge moving in a 
magnetic field B: 
•  The magnitude FB of the magnetic force exerted on the particle is 

proportional to the charge q and to the speed v of the particle.  
•  The magnitude and direction of FB depend on the velocity of the 

particle and on the magnitude and direction of the magnetic field B.  
•  When a charged particle moves parallel to the magnetic field vector, 

the magnetic force acting on the particle is zero.  
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29.1 Magnetic Fields and Forces  
•  When the particle’s velocity vector makes any 

angle θ ≠ 0 with the magnetic field, the 
magnetic force acts in a direction 
perpendicular to both v and B; that is, FB is 
perpendicular to the plane formed by v and 
B (Fig. a).  

•  The magnetic force exerted on a positive 
charge is in the direction opposite the direction 
of the magnetic force exerted on a negative 
charge moving in the same direction (Fig. b).  

•  The magnitude of the magnetic force exerted 
on the moving particle is proportional to sin θ, 
where θ is the angle the particle’s velocity 
vector makes with the direction of B.  
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