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The magnetic field lines are complete loops. They exit the magnet at the north pole and re-enter the south pole.

Magnetic Field (B-field) Units
Tesla (SI)
Gauss (1 T = 104 gauss)

Magnetic Monopoles
Do not exist!

Magnetic Force on Charged Particle
magnitude: F = qvBsin
q: charge in Coulombs
v: speed in meters/second
B: magnetic field in Tesla
: angle between v and B
direction: Right Hand Rule

Problem: Magnetic Force (1998)
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22. An electron is in a uniform magnetic field B that is directed out of the plane of the page, as shown above. When the electron is moving in the plane of the page in the direction indicated by the arrow, the force on the electron is directed
(A)	toward the right 
(B)	out of the page 
(C)	into the page 
(D)	toward the top of the page 
(E)	toward the bottom of the page

State your reasoning





Magnetic Fields
Formed by moving charge
Affect moving charge

Magnetic Forces can...
accelerate charged particles by changing their direction
cause charged particles to move in circular or helical paths

Magnetic Forces cannot...
change the speed or kinetic energy of charged particles
do work on charged particles

The magnetic force is centripetal
qvBsin = mv2/r
qB = mv/r
q/m = v/(rB)

Problem: Magnetic Force as a Centripetal Force (1998)

Questions 46-47 A magnetic field of 0.1 T forces a proton beam of 1.5 mA to move in a circle of radius 0.1 m. The plane of the circle is perpendicular to the magnetic field.

	Of the following, which is the best estimate of the work done by the magnetic field on the protons during one complete orbit of the circle?


(A)	  0 J
(B)	10-22 J
(C)	10-5 J
(D)	102 J
(E)	1020 J

Show your work








 47. Of the following, which is the best estimate of the speed of a proton in the beam as it moves in the circle?

(A)	10‑2 m/s
(B)	103 m/s
(C)	106 m/s
(D)	108 m/S
(E)	1015  m/s

Show your work









Velocity filter
Electric and magnetic fields can be used together to precisely select the velocity of a charged particle.
q
B directed into paper
E directed down
Velocity of charged particle directed right









Magnetic Force on Current-carrying Wire
F = I L B sin
I: current in Amps
L: length in meters 
B: magnetic field in Tesla
: angle between current and field

Problem: Magnetic Force (1988)
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47. A wire in the plane of the page carries a current I directed toward the top of the page, as shown above. If the wire is located in a uniform magnetic field B directed out of the page, the force on the wire resulting from the magnetic field is

(A) directed into the page
(B) directed out of the page
(C) directed to the right
(D) directed to the left
(E) zero

State your reasoning








Problem: Magnetic Force (1984)

63. 	Two long, parallel wires, fixed in space, carry currents I, and 12.  The force of attraction has magnitude F.  What currents will give an attractive force of magnitude 4F?
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Show your work










Magnetic Field for Long Straight Wire
(Ampere’s Law)
B = oI/(2r)
o: 4  10-7Tm/A
magnetic permeability of free space
I: current (A)
r: radial distance from center of wire (m)

 Problem: Magnetic Field (1993)

19. Two long, parallel wires are separated by a distance a as shown above. One wire carries a steady current I into the plane of the page while the other wire carries a steady current I out of the page. At what points in the plane of the page and outside the wires, besides points at infinity, is the magnetic field due to the currents zero?

(A) Only at point P
(B) At all points on the line SS'
(C) At all points on the line connecting the two wires
(D) At all points on a circle of radius 2d centered on point P
(E) At no points

Explain your reasoning








Hand rule summary

Hand Rule for magnetic force on moving positive charge
Place your fingers in direction of velocity. Then rotate your wrist so that your fingers can bend into the direction of the field. Your thumb will be pointing in the direction of the force.

Hand Rule for magnetic force on moving negative charge
Use the method described above, then flip your thumb 180o. Alternately, you may use your left hand.

Hand Rule for magnetic force on current in wire
Place your fingers in direction of current. Then rotate your wrist so that your fingers can bend into the direction of the field. Your thumb will be pointing in the direction of the force.

Hand Rule for fields where current is straight
Curve your fingers.
Place your thumb in direction of current. Then your curved fingers point in direction of curved magnetic field.
Hand Rule for fields where current is circular
Curve your fingers.
Place your curved fingers in direction of current. Then your thumb points in direction of magnetic field in center of circular current.

Magnetic Field Inside a Solenoid
B = onI
o: 4  10-7Tm/A
n: number of coils per unit length
I: current (A)

Magnetic Flux
The product of magnetic field and area.
FB = BAcos
FB: magnetic flux in Webers (Tesla meters2)
B: magnetic field in Tesla
A: area in meters2.
: the angle between the area and the magnetic field.

Problem: Magnetic Flux (1998)
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19. A rectangular wire loop is at rest in a uniform magnetic field B of magnitude 2 T that is directed out of the page. The loop measures 5 cm by 8 cm, and the plane of the loop is perpendicular to the field, as shown above. The total magnetic flux through the loop is

(A)	zero
(B)	2 x 10-3 T·m2
(C)	8 x 10-3 T·m2
(D)	2 x 10-1 T·m2
(E)	8 x 10-1 T·m2

Show your work











 Induced Current
A system will respond so as to oppose changes in magnetic flux.
Changing the magnetic flux can generate electrical current.
Faraday’s Law of Induction
e = -NDFB/Dt
e:induced potential (V)
N: # loops
FB: magnetic flux (Webers, Wb)
t: time (s)

To generate voltage
e = -DFB/Dt
e = -D(BAcos)/Dt
Change B
Change A
Change 

Problem: Faraday’s Law (1998)
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66.	A uniform magnetic field B that is perpendicular to the plane of the page now passes through the loops, as shown above. The field is confined to a region of radius a, where a < b, and is changing at a constant rate. The induced emf in the wire loop of radius b is file_15.wmf
e


. What is the induced emf in the wire loop of radius 2b ?

(A)	Zero
(B)	file_16.wmf
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Show your work









Problem: Faraday’s Law (1993)
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67. A square loop of wire of resistance R and side a is oriented with its plane perpendicular to a magnetic field B. as shown above. What must be the rate of change of the magnetic field in order to produce a current I in the loop?

(A) IR/a2 
(B) la2/R 
(C) la /R 
(D) Ra/l
(E) IRa

Show your work









Motional emf
Faraday’s law can be used to show that a wire moving in a magnetic field generates a potential equivalent to
e = BLv
e: induced potential (V)
B: magnetic field (T)
L: length of metal bar (m)
v: speed of metal bar (m/s)
The wire must be moving perpendicular to the field lines for this potential to be induced.

 Problem: Motional emf (1993)
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4l. A wire of constant length is moving in a constant magnetic field, as shown above. The wire and the velocity vector are perpendicular to each other and are both perpendicular to the field. Which of the following graphs best represents the potential difference  between the ends of the wire as a function of the speed v of the wire?
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Explain your reasoning











 Lenz’s Law
Induced current will flow in a direction so as to oppose the change in flux.
Use in combination with hand rule to predict current direction.

Problem: Lenz’s Law (1998)
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48.	A single circular loop of wire in the plane of the page is perpendicular to a uniform magnetic field B directed out of the page, as shown above. If the magnitude of the magnetic field is decreasing, then the induced current in the wire is

(A)	directed upward out of the paper
(B)	directed downward into the paper
(C)	clockwise around the loop
(D)	counterclockwise around the loop
(E)	zero (no current is induced)

Explain your reasoning













