
MAGNETIC FIELDS, FORCES, & INDUCTION 



TERMS & DEFINITIONS 

A. Magnetism-  A property of certain materials 
(e.g. iron, nickel. and cobalt) which exerts a 
mechanical force of attraction on other 
materials, can cause induced voltages in 
conductors when relative movement is present 

B. Magnet-  An object, such as iron or steel, that  
will attract other substances, i.e. iron, nickel, or 
cobalt and produces an external magnetic field 

C. Natural Magnet-  Any material found in the 
earth which exhibits the magnetic properties   
 
Ex: The lodestone, magnetite (Fe3O4) 

 



TERMS & DEFINITIONS 

D. Artificial Magnet- A device which has been 
made magnetic by induction 

E. Induction- The process of magnetizing an 
object by bringing it into the magnetic field of 
an electromagnet or permanent magnet 

F. Magnetic Field- vector quantity that relates 
force exerted on a magnet or current carrying 
wire to the strength of the magnet or size of 
current 

G. Magnetic Lines of Force- An imaginary line in 
a magnetic field that coincides in direction 
with the field intensity at each point and 
which has a direction from the North to the 
South pole 



THE BASICS OF MAGNETISM- ANCIENT 

 (Magnet) Named for Magnesia, an island in the 
Aegean Sea >2000 years ago 

 Lodestones or magnetite, Fe2O3 

 Chinese used magnets as compasses in the 
12th century 

 1750 in England, John Mitchell shows that 
magnetic poles obey the inverse-square law 

 1820 Hans Christian Oersted discovered that 
magnetism is related to electricity… Ampere 
later proposed that electric currents are the 
source of all magnetism 



 (Oersted, Faraday, Maxwell), 19th Century 

 (Quantum Mechanics) – 20th Century 

 Magnetism is associated with charges in 

motion (currents): 

microscopic currents in the atoms of magnetic 

materials. 

macroscopic currents in the windings of an 

electromagnet. 

 

THE BASICS OF MAGNETISM- MODERN 



MAGNETISM 

Invisible force of “push” or “pull” by an object with 

this property 

Wagon does not move;  

forces are not lined up 

Wagon moves;  

forces are lined up 

Hi!  We’re e- 

(electrons)!!! 

We usually speed 

around the outside of the 

nucleus 

                In these   

atoms, each e- is going 

its own way 

But in a magnet or a metal, we 

can line up to become magnetic 

Lined up atoms/ 

electrons=Domain 



COMMON SHAPES OF MAGNETS 



WHAT MAKES A MAGNET? (CLASSICAL EXPLANATION) 

 Magnetic force is due to the motion of electric charges  

  motions of electrons… their spin and their orbiting motion 
about the nucleus 

 The space around a moving electric charge is “altered”… 

the alteration is called a magnetic field 

 Usually, these fields cancel each other out. 

 In some substances, these fields add up, giving the 

atom a net magnetic field. 

 In some substances, large numbers of these fields can 

become aligned, forming domains. 

 In an unmagnetized substance, the domains are 

arranged randomly. 

 When the domains are exposed to a magnetic field, they can 

align with the field, producing a permanent magnet 

 

 



MAGNETIC MATERIALS 



MAGNETS 

Elements that can be magnetic 

1. Fe: Iron 

soft iron loses magnetism easily 

2. Co: Cobalt 

used to harden tools 

3. Ni: Nickel 

used to make jewelry 

 

Other magnets: 

1. Compass 

2. Earth 

 

 

 

 

Materials whose atoms can be aligned  



MAGNETS 

Properties 

1. Have domains (lined up atoms) 

2. Like the electrostatic force it can repel or 

attract 

3. Magnets create a MAGNETIC FIELD around 

them 

4. Have polarity (characteristic of magnetism) 

North-seeking pole (“normal”) 

South-seeking pole (“reversed”) 

5. Cannot have only 1 pole (Monopole) 
*** magnetic poles cannot be isolated*** 

6. Like poles repel; Opposite poles attract 

  



TYPES OF MAGNETS 

A.  Natural Magnets              B.  Artificial Magnets 

1.  The earth   1.  Electromagnets 

2.  Lodestones   2.  Permanent magnets 

 



WAYS OF PRODUCING ARTIFICIAL MAGNETS 

 Electrical Coil Method 

 

 

 

 

 Stroking Method 

 



INDUCTION 

Example of induction: 

Making something magnetic 
  

 Induction by Proximity: 

putting a magnet on an iron nail 

induces the nail to become magnetic 

 

 Electromagnetic Induction: 

a moving charge (electricity) through 

coils around a nail induces the nail to 

become magnetic 

Causes a response  



INDUCTION BY PROXIMITY 

 

A. Method 

1. Place iron bar in vicinity of 
 permanent magnet 

2. Do not allow iron bar to touch magnet 

B. Effect 

1. Magnetic field lines of force flow through the iron bar 

2. The iron bar becomes electromagnetized 

3. Pole polarity is reversed 

 a. End of bar near north pole of magnet becomes 
south pole of bar 

 b. End of bar near south pole of magnet becomes 
north pole of bar 

4. The permanent magnet attracts the iron bar 
 



ELECTROMAGNET 

Electromagnetism 

 a moving charge (electricity) 

produces a magnetic field 
 

 More coils of wire=  

more current =  

stronger magnet 

 

 Bigger battery =  

stronger magnet 

A magnet with a field produced by an electric current- 

first studied by Andre-Marie Ampere 



MAGNETIC FIELD 
 

 A bar magnet has a magnetic field 
around it. This field is 3D in nature 
and often represented by lines 
LEAVING north and ENTERING 
south 

 To define a magnetic field you 
need to understand the 
MAGNITUDE and DIRECTION (is a 
vector quantity) 

 We sometimes call the magnetic 
field a B-Field as the letter “B” is 
the SYMBOL for a magnetic field 
with the TESLA (T) as the unit.  



THE EARTH’S MAGNETIC FIELD 

The spinning iron core of 
the earth produces a 
magnetic field.  

 

The magnetic north pole 
corresponds to the 
geographic south pole. 

 

Intense magnetic fields on 
the surface of the sun are 
associated with sun-spots. 



MAGNETIC FIELDS 

Magnetic field lines 

1. Leaves north pole & enters 

south pole 
 

2. Lines closer together =  

stronger field 

 

NOTICE 

1. Strongest at the poles 
 

2. Field lines start at the NORTH 

pole and travel towards the 

SOUTH pole 

An area where the force exists; area where force is felt 



MAGNETIC FIELD UNITS 

We define the magnitude of the magnetic field by 
measuring the force on a moving charge: 

 

 

 

SI unit of magnetic field is the Tesla (T)  
(Nikola Tesla, 1856-1943) 

Dimensional analysis:  

  1 T = 1 N·s/(C·m) = 1 V·s /m2 

Sometimes we use a unit called a Gauss (G)  
(Karl Friedrich Gauss, 1777-1855) 

1 T = 104 G 

The earth’s magnetic field is about 0.5 G. 
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MAGNETIC FIELDS 



NOTATION OF B FIELD (MAGNETIC FIELD) 

To depict a vector oriented perpendicular to the page we 

use crosses and dots.   

• A cross indicates a vector going into the page (think of 

the tail feathers of an arrow disappearing into the page).   

• A dot indicates a vector coming out of the page (think of 

the tip of an arrow coming at you, out of the page). 

• • • 

• • • 

B out of the page 

 

 

  

  

B into the page 



MAGNETIC FORCE ON A MOVING CHARGE 

 If a MOVING CHARGE 

moves into a magnetic 

field it will experience a 

MAGNETIC FORCE. This 

deflection is 3D in 

nature. 
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The conditions for the force are: 

•Must have a magnetic field present 

•Charge must be moving 

•Charge must be positive or negative 

•Charge must be moving 

PERPENDICULAR to the field. 

Fmagnetic = q v B 

q = charge on particle 

v = speed of particle 

B = magnetic field 

F= magnetic force 



MAGNETIC FORCE 
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Magnetic force is a CROSS PRODUCT! 

 

A cross product is one where the vectors 

involved MUST be perpendicular. 

Ex.  A proton moving east experiences a force of 8.80 x 10-19 N 

upward due to the Earth’s magnetic field. At this location, the 

field has a magnitude of 5.50 x10-5 N to the north. Find the 

speed of the particle. 

100,000 m/s 



DIRECTION OF MAGNETIC FORCES 

The direction of the magnetic force on a moving charge is 

perpendicular to the plane formed by B and v. 

F 

B 

v 

To determine the 

direction, you must 

apply the Right 

Hand Rule (RHR). 



DIRECTION OF THE MAGNETIC FORCE?  

RIGHT HAND RULE 

 To determine the DIRECTION of 
the force on a POSITIVE charge 
we use a special technique that 
helps us understand the 
3D/perpendicular nature of 
magnetic fields. 

Basically you hold your 

right hand flat with your 

thumb perpendicular to 

the rest of your fingers 
•The Fingers = Direction B-Field 

•The Thumb = Direction of velocity 

•The Palm = Direction of the Force For NEGATIVE charges use left hand! 



RIGHT HAND RULE 

 Draw vectors v and B 
with their tails at the 
location of the charge q. 

 Point fingers of right 
hand along velocity 
vector v.  

 Curl fingers towards 
Magnetic field vector B. 

 Thumb points in direction 
of magnetic force F on q, 
perpendicular to both v 
and B. 



MOTION OF CHARGES IN B FIELDS 

If a charged particle is moving 

perpendicular to a uniform magnetic 

field, its trajectory will be a circle 

because the force F=qvB is always 

perpendicular to the motion, and 

therefore centripetal. 
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Recall that                             so  

 

From which we find the radius of the circular 
trajectory is: 

 



EXAMPLE 

 Determine the direction of the unknown variable for a proton 

moving in the field using the coordinate axis given 

+y 

+x +z 

B = -x 

v = +y 

F = +z 

B =+Z 

v = +x 

F = -y 

B = -z 

v = +y 

F = -x 



EXAMPLE 

 Determine the direction of the unknown variable for an 
electron using the coordinate axis given.  

+y 

+x +z 

B = +x 

v = +y 

F = +z 

B =  

v = - x 

F = +y 

-z 

F 

B 

B = +z 

v = 

F = +y 
+x 



CHARGES MOVING IN A WIRE 

 A wire carrying a current produces a magnetic field. 

 The direction of the field is given by the right hand 

rule. 

 The field decreases the farther away from the wire 

the field is measured. 

 

You simply used the RIGHT 

HAND ONLY and the thumb 

will represent the direction 

of the CURRENT instead of 

the velocity.  



CHARGES MOVING IN A WIRE 
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 At this point it is VERY important 

that you understand that the 

MAGNETIC FIELD is being 

produced by some EXTERNAL 

AGENT 

FB = BIL 

 
F= force of field 

B= magnetic field 

I = current 

L = length of wire 

 

 



EXAMPLE 
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A 36-m length wire carries a 

current of 22A running from right to 

left. Calculate the magnitude and 

direction of the magnetic force 

acting on the wire if it is placed in a 

magnetic field with a magnitude of 

0.50 x10-4 T and directed up the 

page. 

400 N 
B = +y 

I = -x 

F = 

+y 

+x +z 

-z, into the page 



WHY DOES THE WIRE MOVE? 

 The real question is WHY does the wire move? It is easy to say 
the EXTERNAL field moved it. But how can an external magnetic 
field FORCE the wire to move in a certain direction? 

THE WIRE ITSELF MUST BE MAGNETIC!!! In other words the wire has its 

own INTERNAL MAGNETIC FIELD that is attracted or repulsed by the 

EXTERNAL FIELD. 

As it turns out, the wire’s OWN internal magnetic 

field makes concentric circles round the wire. 



A CURRENT CARRYING WIRE’S INTERNAL 

MAGNETIC FIELD 

 To figure out the DIRECTION of 
this INTERNAL field you use the 
right hand rule. You point your 
thumb in the direction of the 
current then CURL your fingers. 
Your fingers will point in the 
direction of the magnetic field 

A loop of current 

produces a 

magnetic field 

similar to a bar 

magnet. 



MAGNETIC FIELD FROM A WIRE 

The magnetic field lines from a current form circles around 
a straight wire with the direction given by another right hand 
rule (thumb in direction of current, fingers curl around 
current indicating direction of magnetic field). 

 

 

The magnitude of the magnetic 

field is given by 

r

I
B





2

0

0 = 1.26 x 10-6 Tm/A  

(constant of proportionality) 

r = distance from the wire to the place where you are 

calculating the magnetic field 



EXAMPLE 

 A long, straight wires carries a current of 5.00 A. At one instant, a 
proton, 4 mm from the wire travels at 1500 m/s parallel to the 
wire and in the same direction as the current. Find the magnitude 
and direction of the magnetic force acting on the proton due to the 
field caused by the current carrying wire. 
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2.5 x 10- 4 T 

6.0 x 10- 20 N 

X   X   X 

X   X   X 

X   X   X 

 

X   X   X 

X   X   X 

X   X   X 
B = +z 

v = +y 

F = -x 



B FIELDS OF CURRENT DISTRIBUTIONS 

By winding wires in various geometries, we can 

produce different magnetic fields.   

For example, a current loop (perpendicular to plane, 

radius R, current emerging from plane at top of loop): 

I 

Magnitude of magnetic field at 

center of loop: 

R

IN
B

2

0


N = # of loops of wire (# turns) 

Direction of magnetic field from RHR 



SOLENOIDS 
A solenoid, produces a strong 
magnetic field by combining 
several current loops stacked 
together. 

 

In the limit of a very long solenoid, 
the magnetic field inside is very 
uniform: 

B=0nI 

n = number of windings per unit 
length, 

I = current in windings 

 

The strength of the magnetic field 
depends on the amount of 
current flowing through the loop. 

 

 

 

 

 

 

B  0 outside windings 



SOLENOID APPLICATIONS 

Analog (deflection ): 

Variable A/C valves 

Speakers 

In fact, a typical car has over 20 solenoids! 

Solenoids are everywhere! 



SOLENOID APPLICATIONS 
Digital [on/off]: 

Doorbells 

 

 

 

 

Power door locks 

Magnetic cranes 

Electronic Switch “relay” 

 

Close switch 
 current 
 magnetic field pulls in 
plunger 
 closes larger circuit 

Advantage: 

A small current can be used 
to switch a much larger one 

– Starter in washer/dryer, car 
ignition, … 

Magnet off  plunger held in place by spring 
Magnet on  plunger expelled  strikes bell 



FARADAY CLIPS & RIGHT HAND RULE 

 http://www.youtube.com/watch?v=DtqgksBeiXg 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=WqTldzUg73A# 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=SD5Q68RFNnU# 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=A4mBzdiGpIc# 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=mbTTjCNlwX8# 

Right hand Rule 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=qfWgxE9RpgM# 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=yd9Q0Z4KVgI# 

 http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/

watch?v=Rwxonk2lgaU# 

 

 

http://www.youtube.com/watch?v=DtqgksBeiXg
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=WqTldzUg73A
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=WqTldzUg73A
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=SD5Q68RFNnU
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=SD5Q68RFNnU
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=A4mBzdiGpIc
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=A4mBzdiGpIc
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=mbTTjCNlwX8
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=mbTTjCNlwX8
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=qfWgxE9RpgM
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=qfWgxE9RpgM
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=yd9Q0Z4KVgI
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=yd9Q0Z4KVgI
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=Rwxonk2lgaU
http://www.livebinders.com/media/frame?myurl=http://www.youtube.com/watch?v=Rwxonk2lgaU


MAGNETIC FLUX 

 
       Magnetic flux - Sum total of 

magnetic field force lines 
flowing from north pole to 
south pole 

1. Symbol for magnetic flux- 
Greek letter phi (φ) 
 

2. Unit of flux- Maxwell; one 
Maxwell (Mx) equals one 
line of force   
 
Example: If a magnetic 
field contains 6 lines of 
force, the flux of the 
magnet is 6 Maxwell's, or 
φ= 6Mx 
 

 



MAGNETIC FLUX 

For a “loop” of wire (not necessarily circular) 

with area A, in an external magnetic field B, the 

magnetic flux is: cosBA

SI units of Magnetic Flux:  

1 T·m2 = 1 weber = 1 

Wb 

A = area of loop 

 = angle between B and 

the normal to the loop 



FLUX DENSITY 

a. Symbol- B 

b. Unit of flux density- Gauss (G); one gauss (G) 
equals one force line per square centimeter 

c. In the magnetic field shown in Figure 1, total 
magnetic flux (from point A to point B) is 8 lines of 
force, or 8 Maxwell's, expressed as φ= 8Mx 

d. The flux density (B) in one square centimeter 
(1cm2) equals 3 gauss, expressed as B= 3G 



INDUCED CURRENT 

http://www.yenka.com/freecontent/attachment.action?quick=7p&att=546


TERMS & DEFINITIONS 

A.    Inductor-  A device that introduces inductance into an 
electrical circuit (usually a coil) 

B.    Inductance- The property of an electric circuit when a varying 
current induces an EMF in that circuit or another circuit 

C.     Self-inductance-  The property of an electric circuit when an 
EMF is induced in that circuit by a change of current 

D.    Henry -   The unit of inductance 

E.    Mutual Inductance- The property of two circuits whereby an 
EMF is induced in one circuit by a change of current in the 
other 

F. Transformer- A device that transfers changing current and 
voltage from one circuit to another by inductive coupling 
 



INDUCTANCE UNIT ABBREVIATIONS AND 

DEFINITIONS 

A. Inductance – L 

B. Henry – h 

C. Rate of current change – di/dt 

D. Mutual Inductance- LM (or M) 

E. Coefficient of coupling – k 

F. Counterelectromotive force – CEMF 

G. Permeability - µ 



MAGNETIC FIELDS AND CURRENTS 

 Just as currents produce magnetic fields, 

moving magnets can produce currents. 

 Any change in the magnetic field through a loop 

can induce a voltage in the loop known as an 

emf. 

 A generator works by using mechanical energy 

to change the magnetic field through a loop, 

producing an emf and thus electrical energy. 



ELECTRICITY  MAGNETISM 

 

 1820, Oersted finds that a current carrying wire 
will cause a compass needle to deflect 

 Implication: the current carrying wire itself 
behaves like a magnet (since it can exert a force 
on another magnet… like a permanent magnet 
would) 
 

 How can you tell? 
Compass needle moves when near electrical 
current - creating an magnetic field 

 

Electric currents cause magnetism 



MAGNETISM  ELECTRICITY 

 

 1832, Michael Faraday found that a changing 

magnetic field could produce an electric 

current… electromagnetic induction 

 Principle underlying electric generator 

 How can you tell?  
Electromagnetic induction 

 moving a magnet in and 
out of a coiled wire created 
an electrical current without 
a battery 

Moving magnet can generate electricity 

http://www.yenka.com/freecontent/attachment.action?quick=7p&att=546


FARADAY’S LAW (MICHAEL FARADAY) 

   Faraday’s Law: The instantaneous voltage  

in a circuit (w/ N loops) equals the rate of 

change of magnetic flux through the circuit 

 

Small 

Voltage 
Medium 

Voltage 

Large 
Voltage 



FARADAY’S LAW 

    Faraday learned that if you change any part of the flux 

over time you could induce a current in a conductor 

and thus create a source of EMF (voltage, potential 

difference). Since we are dealing with time here were 

a talking about the RATE of CHANGE of FLUX,  

 wireof  turns#

)cos(
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ELECTROMAGNETIC INDUCTION 

   Voltage is induced whether the magnetic field of a 

magnet moves near a stationary conductor or the 

conductor moves in a stationary magnetic field. 



ELECTROMOTIVE FORCE (EMF) 
 Any change in the magnetic field through a loop 

can induce a voltage in the loop known as an 

emf. 

                            EMF = BLv 

 B= magnetic field 

 L = length of wire in magnetic field 

 v = velocity of the wire in the field 

 EMF can be induced Three Ways: 

1.Changing magnetic field 

2.Changing the area of the loop in the field 

3.Changing the loop’s orientation with respect to the 

field 



LENZ’S LAW 

A. Induced voltage at every instant opposes any 

change in circuit current 

B. Induced voltage is called counter electromotive force 

(CEMF) 

C. Induced voltage is so important that it has the status of 

a physical law called Lenz’s law 



LENZ’S LAW 

Induced current produces a secondary magnetic field 
that is always opposed to the primary magnetic field 
that induced it. (The induced current always flows in a 
direction that opposes the change that caused it.) 

In this example the magnetic field in 

the downward direction through the 

loop is increasing.  So a current is 

generated in the loop which 

produces an upward magnetic field 

inside the loop to oppose the 

change. 

Magnet moving down 

toward loop 

N 

S 

Induced current 

Induced B field 



LENZ’S LAW 

     Lenz's law gives the direction of the induced emf and current resulting 
from electromagnetic induction. The law provides a physical 
interpretation of the choice of sign in Faraday's law of induction, 
indicating that the induced emf and the change in flux have opposite 
signs.  

t
N B






Lenz’s Law 

In the figure above, we see that the direction of the current changes. Lenz’s 

Law helps us determine the DIRECTION of that current. 



LENZ’S LAW & FARADAY’S LAW 
t

N B






Let’s consider a magnet with it’s north pole moving 

TOWARDS a conducting loop. 

 

DOES THE FLUX CHANGE? 

 

DOES THE FLUX INCREASE OR DECREASE? 

 

WHAT SIGN DOES THE “” GIVE YOU IN 

FARADAY’S LAW? 

 

DOES LENZ’S LAW CANCEL OUT? 

 

What does this mean? 

 

Yes! 

Increase 

Positive 

NO 

This means that the INDUCED MAGNETIC FIELD around the WIRE caused 

by the moving magnet OPPOSES the original magnetic field. Since the 

original B field is downward, the induced field is upward! We then use the 

curling right hand rule to determine the direction of the current.  

Binduced 



IN SUMMARY 

Faraday’s Law is basically used to find the 
MAGNITUDE of the induced EMF. The 
magnitude of the current can then be found 
using Ohm’s Law provided we know the 
conductor’s resistance.  

 

Lenz’s Law is part of Faraday’s Law and can 
help you determine the direction of the 
current provided you know HOW the flux is 
changing 



EDDY CURRENTS 

 Changing magnetic 

field induces eddy 

currents within any 

conductor. 

 These internal currents 

produce self-induced 

magnetic fields, which 

by Lenz’s law are in 

opposition of the 

primary magnetic field. 

Eddy 

Currents 

Primary Magnetic Field 

Self-Induced 

Magnetic Field 



LENZ’S LAW APPLICATION: MAGNETIC BRAKES 

Strong magnet dropped into 

a copper pipe falls slowly 

due to secondary magnetic 

field induced by its motion. 

 

Great America’s Drop Zone 

has a 22 story freefall, 

lasting four seconds, 

decelerated by magnetic 

braking. 



APPLICATION OF LENZ’S LAW 

 Triple beam balance- uses Lenz’s law to stop 

the oscillation when an object is on the pan. 

 Piece of metal attached to balance arm is located 

between two poles of horseshoe magnet 

When balance arm swings, metal moves through 

the magnetic field, creating a current called, eddy 

currents, in the metal 

 These currents produce a magnetic field to oppose 

the motion 



LENZ’S LAW APPLICATIONS - METAL DETECTORS 

 Can detect the presence of 
metals by using a 
transmitter coil to create an 
oscillating primary 
magnetic field. 

 This creates a secondary 
magnetic field due to eddy 
currents in the metal. 

 Can detect this secondary 
magnetic field by using a 
receiver coil. 



SELF-INDUCTION 

   When a current is 

induced by a 

changing magnetic 

field, that current 

itself produces its 

own magnetic field. 

This effect is called 

self-induction.   

Current 

Primary Magnetic Field 

Self-Induced 

Magnetic Field Self-inductance-  The property of an 

electric circuit when an EMF is 

induced in that circuit by a change of 

current  



THE FORMULA FOR A HENRY  

(UNIT OF INDUCTANCE) 

L = CEMF 

      di/dt    

   (NOTE: one henry of inductance is present 
when one ampere change per second causes a 
CEMF of one volt. The henry is a relatively large 
unit; most inductors are measured in 
millihenries (mh) or microhenries (µh).) 

Self Inductance 

    A changing current in a coil will also induce an 
emf in itself: 

 

 
Here, L is called the self-inductance. 

1 H = 1 V·s/A = 1 Ω·s 



FACTORS CONTRIBUTING TO SELF-

INDUCTANCE 

A.  (Inductance is present because a changing current 

always produces a changing magnetic field) 



FACTORS CONTRIBUTING TO SELF-

INDUCTANCE (CONT’D) 

B. Changing magnetic fields cuts conductors causing 

a generator action. 

C.  Induced current by changing magnetic field 

opposes the originating current 



FACTORS AFFECTING INDUCTANCE OF COILS 

A. Numbers of Turns- Inductance varies directly 

with the square  of the number of turns 

B. Permeability of Core- Inductance varies directly 

with the permeability of the core 

C. Cross-sectional Area of Core- Inductance varies 

directly with the cross-sectional area of the core 

D. Length of Core- Inductance varies inversely with 

the length of the core 



PERMEABILITY OF MAGNETIC MATERIALS 

      Permeability- The measure of the ease with which 
material will pass lines of flux (µ) 

A.  High permeability 
1.  Iron                         5. Commercially made alloys of  iron, nickel, 

2.  Steel                           cobalt and other elements  

3.  Nickel               a.   Silicon steel (used in transformers)   

4.  Cobalt               b.   Almico (used in audio speakers) 

B.    Medium permeability 
1.  Aluminum    2.   Platinum    3.  Manganese    4.  Chromium 

C.   Low permeability 
1. Bismuth  2. Antimony   3. Copper  4. Zinc 5.Rare metals (mercury, gold, silver) 

D.   Nonmagnetic materials 
1. Glass    2.  Paper    3. Rubber    4.  Wood    5.  Air 



KINDS OF INDUCTORS 

A. Air Core 

B. Iron Core 

      (NOTE: Core materials can include ferrite, powdered 

iron, laminated iron and other materials.) 



INDUCTORS IN CIRCUITS 

A. Inductors in series 
1. LT = L1 + L2 + …                                                      

 (NOTE: This is additive, similar to resistors in series) 

2. Series formula assumes no magnetic coupling between 
inductors 

B. Inductors in parallel 

    1. Reciprocal formula: LT =_________1__________           

                                             1/ L1 + 1/ L2 + 1/L3 +… 

2. Unequal branch formula:  

                           L1 x L2 

                      LT =    L1 + L2 

3.  Formulas assume no magnetic coupling between inductors 

4.  Total inductance is less than smallest parallel branch 



And vice versa; note that the constant M, 

known as the mutual inductance, is the same: 

MUTUAL INDUCTANCE 

 Mutual inductance: a changing current in one 

coil will induce a current in a second coil. 

 

A transformer is an 

example of mutual 

inductance. 



FACTORS DETERMINING MUTUAL 

INDUCTANCE 

A. Coefficient of coupling between inductors 

B. Inductance of each inductor 



TRANSFORMERS 

 Device used to change the voltage in a circuit.  

AC currents must be used. 

 Has two coils interwoven or linked by an iron core 

 Primary coil (p) 

 Secondary coil (s) 

 When primary coil is connected to a AC voltage 

source, the changing current creates a varying 

magnetic field, which is then carried through the 

core to secondary coil 

 Secondary coil the varying field induces a varying 

EMF – mutual inductance 

s

p

s

p

p

s

N

N

V

V

I

I




TRANSFORMERS 

 The ratio of the emfs is equal to the ratio of the 

number of turns in each coil 

 

 

 Energy must be conserved; therefore, in the 

absence of losses, the ratio of the currents 

must be the inverse of the ratio of turns 

 

 

 



TRANSFORMER TYPES & RATIOS 

A.   Turns ratio is the ratio of number of turns in secondary 

winding to number of turns in primary winding (TS / TP) 

1. Step up transformer- When TS is larger than TP 

2. Step down transformer- When TS is smaller than TP    

This is a step-up transformer – the emf 

in the secondary coil is larger than the 

emf in the primary 



SSPP VI IV 

Step-Up vs. Step-Down Transformers 

 

Step-Up 

_____ Windings 

on Secondary 

Coil 

Secondary 

Voltage 

__ 

 

Step-Down 

_____ Windings 

on Secondary 

Coil 

Secondary 

Voltage 

__ 

The secondary voltage is proportional to the 

number of secondary windings according to… 


S

P

V

V Where… 

NP = # of windings on primary coil 

NS = # of windings on secondary coil 

More 

↓ 

↑ 

Less 

SSPP VI IV 

S

P

N

N



Electrical Power Distribution 
A Typical Scenario… 

With the use of transformers, electrical 

power is sent across long transmission lines 

at ______ voltages.  WHY?     

If the voltage is high, the current will be relatively 

____, so there will be less power loss in the lines. 

HIGH 

low 



In the 1880’s, there was a debate/ battle between 

two great scientists – Nikola Tesla and Thomas 

Edison over whether to use AC or DC for electric 

power distribution.   

Tesla:  

Advocate 

for AC 

Edison:  

Advocate 

for DC 

_______ won because with ____, a transformer can be used to 

change the voltage.  ____ voltage can’t be “transformed” to a 

higher voltage which would be necessary to reduce the 

power/heat loss in the distribution lines.  Edison’s answer to that 

problem?  “Just build a power station every mile or so”!! 

“The War of the Currents” 

Tesla AC 
DC 

http://www.youtube.com/watch?v=dIfIRj0Crc8 

 

http://www.youtube.com/watch?v=dIfIRj0Crc8


Example:  A 2W power line                

supplies power to a small                  

subdivision at 8000 V and                                

100 Amps. 

Calculate the total power supplied to 

the subdivision. 

 

 

WVAIVP 000,800)8000)(100( 

WVAIVP 000,800)8000)(100( 



 RIPlost

2

First, derive a useful formula… 

Calculate the power loss in the 

distribution line. 

 

  __________  IIVP RI RI 2

    WA 000,202100
2

W

WPlost 000,20
(2.5% of the supplied power would be lost.)  



If a transformer was used to step-up the 

voltage by a factor of 10 (to 80,000 V), 

calculate the new power loss in the 

distribution line.  

If V ↑ by 10 times, I ______________________. 

Or…  SSPP VIVI 

     VIVA S 000,808000100 
AI S 10

    WAPlost 200210
2

W

I ↓ by 10 times, but the power loss was 

reduced by a factor of ____.  

↓ by 10 times … I= 10A  

    WAPlost 200210
2

W

100 



METERS TO MOTORS 

Galvanometers 

 Magnetic needle inside loops of wire indicates current  

 The more coils – the more sensitive 

 Can be made into a ammeter or voltmeter 



ELECTRIC MOTORS 

 Electric motor = galvanometer 

made to change current direction 

with every half rotation 

 Current flow in opposite directions 

causes forces in opposite 

directions 

 



MOTORS 

 Motors work due to two major principles 

Opposite poles attract while like poles repel 

 Current running through a coiled wire creates a 

magnet 

 Electric motors involve rotating coils of wire 

which are driven by the magnetic force exerted 

by a magnetic field on an electric current. They 

transform electrical energy into mechanical 

energy. 

 

http://hyperphysics.phy-astr.gsu.edu/%E2%80%8Chbase/magnetic/forwir.html
http://hyperphysics.phy-astr.gsu.edu/%E2%80%8Chbase/magnetic/magfie.html
http://hyperphysics.phy-astr.gsu.edu/%E2%80%8Chbase/magnetic/elecur.html


ELECTRIC MOTOR, ANALYZED 

 Electromagnet 
mounted on a shaft 
with opposing 
magnets on each 
side. 

 Current direction 
always such that 
electromagnet is 
repelled, causing 
shaft to turn.  

N S 

N S 

Current 

Current 



MOTORS 



PARTS OF A MOTOR 

 A simple motor has six parts: 

 Armature - assembly of conductors, wound into 

tight coils 

 Commutator  - fixed to the shaft of the armature, 

and rotates while maintaining contact with the 

brushes 

 Brushes - spring-loaded carbon contacts 

 Axle - transfer the torque produced by the armature 

to drive the machine 

 Field magnet  

DC power supply  

 



PARTS OF A MOTOR 



ELECTRIC GENERATOR 

   Electric generator moves a conductor in a 

magnetic field to produce voltage via 

electromagnetic induction 

Magnet 

Magnet 

Coils 

DC Output 

S

H

A

F

T 



GENERATOR 
A coil of wire 

turns in a 

magnetic field.  

The flux in the coil 

is constantly 

changing, 

generating an emf 

in the coil. 



INDUCTION: NO FREE LUNCH 

 Takes work to turn 

the generator crank 

to produce electric 

current. 

 The faster we turn 

the crank to produce 

more current, the 

more difficult it is to 

turn. 

More difficult to 
push the magnet 
into a coil with 
more loops 
because the 
magnetic field of 
each current loop 
resists the motion 
of the magnet. 

 



CONTRASTING ELECTRIC MOTORS AND 

GENERATORS 

 Electric motors – convert electrical energy into 

mechanical energy… the motion of electrons 

into the motion of something else 

 Electric generators – convert mechanical 

energy into electrical energy… the motion of 

something into the motion of electrons 



GENERATOR BECOMES MOTOR 

   Pass a current into the generator and it 

becomes an electric motor. 

Rotor 

Spins 

Magnet 

Magnet 

DC Input 

Battery 

Note: Do this in lab too. 



Maxwell’s Theory 

In 1865, James Clerk Maxwell developed a 

theory of electricity and magnetism. 
 

His starting points were: 

• Electric field lines originate on + charges and 

terminate on - charges 

• Magnetic field lines form closed loops 

• A varying magnetic field induces an electric field 

• A magnetic field is created by a current 

Electromagnetic  Waves 



Maxwell’s theory is a mathematical 

formulation that relates electric and 

magnetic phenomena. 

 

His theory, among other things, predicted 

that electric and magnetic fields can travel 

through space as waves. 

 

The uniting of electricity and magnetism 

resulted in the Theory of Electromagnetism. 



Properties of EM Waves 

The radiated EM waves have certain properties: 
 

• EM waves all travel at the speed of light c. 
 

• The E and B fields are perpendicular to each 

other. 
 

• The E and B fields are in phase (both reach a 

maximum and minimum at the same time). 
 

• The E and B fields are perpendicular to the 

direction of travel (transverse waves). 



Field directions in an electromagnetic wave  

An electromagnetic wave propagating in the positive x 

direction: E and B are perpendicular to each other and in 

phase. The direction of propagation is given by the thumb of 

the right hand, after pointing the fingers in the direction of E 

and curling them toward B (palm towards B). 



Note that the visible portion of the spectrum is relatively narrow.  

The boundaries between various bands of the spectrum are not sharp, but 

instead are somewhat arbitrary. 

EM waves can be generated in different frequency bands: 

radio, microwave, infrared, visible, ultraviolet, x-rays, gamma rays 



l = 21 cm 

f = 1.4 GHz 

f = 115 GHz 

f  > 1013 GHz 


