Two square current loops are far apart and do not interact with each other.
Each is in an external magnetic field normal to its plane, as shown.
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a) Use a force diagram to show that each loop is in equilibrium, having no
net force and no net torque acting upon it.

b) One of these loops is in a stable equilibrium: under a small rotation, forces
acting upon it will return it to its original equilibrium position. The other loop
is in an unstable equilibrium position: under a small rotation, it will flip it over,
putting it into a stable equilibrium position, which was not its original
equilibrium position. Which loop is in the stable equilibrium and which is in
an unstable equilibrium?
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Consider an apparatus that fires protons between parallel plates. The size of
these plates is very large compared to their separation of 0.2 mm. These
plates are also at a potential difference of 3.3 V. There is a detector
perpendicular to the parallel plates positioned 0.1 m from where the protons
exit the parallel plates. Coming into or out of the page is a uniform magnetic
field encompassing the entire apparatus (both between and outside the
plates). 0.2mm
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What must be the magnitude and direction of the magnetic field if these

protons are to reach the detector?
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Three long wires each carrying 3 A of current are arranged as shown. d is
equal to 0.3 m.
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a) Find the magnetic field strength and direction at point P.
b) If the current through wire 3 is instead going out of the page, would would
be the magnetic field strength and direction at point P?
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A electron travelling with velocity v enters a magnetic field B as shown. The
electron leaves the field in a direction perpendicular to its original direction.
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If the electron travelled a distance d in the magnetic field, determine the
magnetic field strength in terms of e, m_e, v, and d.
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A 22.5 eV positron (the antiparticle of the electron) is projected into a uniform
magnetic field B = 455 yT. Its velocity vector makes an angle of 65.5° with B
as shown. (1 eV = 1.60 x 10/r-19 J)

v
’
A
v
Yi B
p - '
v
A ¢ >
-
q
+r
» -

a) Find the radius r of the helical trajectory.
b) Find the period of oscillation.
c) Find the pitch p of the helical trajectory.

a) 0.0220 m
b) .86 = 108 s
) 0.091F m



Two square current loops are far apart and do not interact with each other.
Each is in an external magnetic field normal to its plane, as shown.
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a) Use a force diagram to show that each loop is in equilibrium, having no
net force and no net torque acting upon it.

b) One of these loops is in a stable equilibrium: under a small rotation, forces
acting upon it will return it to its original equilibrium position. The other loop
is in an unstable equilibrium position: under a small rotation, it will flip it over,
putting it into a stable equilibrium position, which was not its original
equilibrium position. Which loop is in the stable equilibrium and which is in

an unstable equilibrium? ‘! Loop2 Loop 1 Loop2
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No net force, no torque Torque restores position Torque causes flip
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a) The torque on the current loop due to the magnetic field is shown. Use the
right hand rule to find the force direction on the currents at the top, bottom,
front and back segments of the loops. We see F_top and F_bottom are qual
and opposite to each other (F_front and F_back are not seen in the figure
because they are equal and opposite to each other.) Thus, F_top + F_bottom
= 0 and F_front + F_back = 0. Sind the top-bottom or front-back forces act
along the same line, they cause no torque. Thus, both the loops are in static
equilibrium.

b) Now rotate each loop slightly and reexamine the forces. The forces on
loop 1 still give F_net = 0, but now there is a torque that tends to rotate loop
1 back to its upright position. This is a restoring torque, so this loop position
is stable. But for loop 2, the torque causes the loop to rotate even further.
Any small angular displacement gets magnifies into a large displacement
until the loop gets flipped over. Therefore, the position of loop 2 is unstable.



Consider an apparatus that fires protons between parallel plates. The size of
these plates is very large compared to their separation of 0.2 mm. These
plates are also at a potential difference of 3.3 V. There is a detector
perpendicular to the parallel plates positioned 0.1 m from where the protons
exit the parallel plates. Coming into or out of the page is a uniform magnetic
field encompassing the entire apparatus (both between and outside the
plates). 0.2mm
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What must be the magnitude and direction of the magnetic field if these

protons are to reach the detector?
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OLUTSIDE THE PLaTRS THE PRoToON S EXFERIENCE

A CENTLIPETAL FORCE CAUSING  UNIFORM CIRCULAR
MOTION.
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Three long wires each carrying 3 A of current are arranged as shown. d is
equal to 0.3 m.
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a) Find the magnetic field strength and direction at point P.
b) If the current through wire 3 is instead going out of the page, would would
be the magnetic field strength and direction at point P?
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A electron travelling with velocity v enters a magnetic field B as shown. The
electron leaves the field in a direction perpendicular to its original direction.

v\

©

it ”

If the electron travelled a distance d in the magnetic field, determine the
magnetic field strength in terms of e, m_e, v, and d.
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A 22.5 eV positron (the antiparticle of the electron) is projected into a uniform ,
magnetic field B = 455 pT. Its velocity vector makes an angle of 65.5° with B
as shown. (1 eV = 1.60 x 10/r-19 J)
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a) Find the radius r of the helical trajectory.
b) Find the period of oscillation.
c) Find the pitch p of the helical trajectory.
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The pitch is the parallel distance travelled by the electron in one revolution.
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