PHYS 1444 — Section 501
Lecture #15

Wednesday, Mar. 22, 2006
Dr. Jaehoon Yu

«  Charged Particle Path in a Magnetic Field
«  Cyclotron Frequency

«  Torque on a Current Loop

«  Magnetic Dipole Moment

«  Magnetic Dipole Potential Energy

«  Magnetic Field Due to Straight Wire

«  Forces Between Two Parallel Wires

Today’s homework is #8, due 7pm, Thursday, Mar. 30!!
Wednesday, Mar. 22, 2006 :::.|1 PHYS 1444-501, Spring 2006
Dr. Jaehoon Yu




Announcements

* Quiz results

— Class average: 39.4/60
* Equivalent to 66/100

 How did you do last two times?
— Quizl: 76/100 and Quiz2: 75/100

— Top score: 60

o Term exam #2
— Date and time: 5:30 — 6:50pm, Wednesday, Apr. 5

— Coverage: Ch. 25 — 4 to what we finish next Wednesday,
Mar. 29. (Ch. 28?)
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Charged Particle’s Path in Magnetic Field
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« What shape do you think is the path of a
charged particle on a plane perpendicular
to a uniform magnetic field?

— Circle!! Why?
— An electron moving to right at the point P in
the figure will be pulled downward Path of dlctron
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— At a later time, the force is still perpendicular to the velocity

— Since the force is always perpendicular to the velocity, the
magnitude of the velocity is constant

— The direction of the force follows the right-hand-rule and is
perpendicular to the direction of the magnetic field

— Thus, the electron moves on a circular path with a centripetal
force F.
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Example 27 -4

Electron’s path in a uniform magnetic field. An electron
travels at a speed of 2.0x10’m/s in a plane perpendicular to a
0.010-T magnetic field. Describe its path.

V2

What is formula for the centripetal force? F = Ma = mT

Since the magnetic field is perpendicular to the motion E— B
of the electron, the magnitude of the magnetic force is =€V

. . . . 2
Since the magnetic force provides the centripetal force, B-—m V_
we can establish an equation with the two forces F =¢evb = r

MV (9.1x10%'kg)-(2.0x10" m/s) 2
Solvingforr > I = —/— = =P =1.1x10"m
eB (1.6x10°C)-(0.010T)
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Cyclotron Frequency

 The time required for a particle of charge g moving w/ constant
speed v to make one circular revolution in a umform maanetic
field, B LV, Is

T_27zr_ 2r MV _ 27zm
v vgB B

 Since T is the period of rotation, the frequency of the rotatlon IS

fot_ 9B

T 2mm

 This is the cyclotron frequency, the frequency of a particle with
charge g in a cyclotron accelerator

— While r depends on v, the frequency is independent of v and r.
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Torque on a Current LoOp

rotation

 What do you think will happen to a closed %

IJ\ b "I

rectangular loop of wire with electric current =& &+
as shown in the figure?

_ ltwi | 2,
It will rotate! Why" N

— The magnetic field exerts a force on both vertical sections of wire.
— Where is this principle used in?
« Ammeters, motors, volt-meters, speedometers, etc
 The two forces on the different sections of the wire exerts net
torque to the same direction about the rotational axis along the
symmetry axis of the wire.

« What happens when the wire turns 90 degrees?
— It will not turn unless the direction of the current changes
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Torgue on a Current Loop  ae

» S0 what would be the magnitude of this —; ﬂ%
torque? )Eb*
— What Is the magnitude of the force on the NG

B Fi&®a o Fy

section of the wire with length 4? Fp o
¢ F,=1aB B 11

* The moment arm of the coil is 6/2 F,

— So the total torque is the sum of the torques by each of the forces
7= IaBgHaBg: labB =

« Where 4=abis the area of the coll
— What is the total net torque if the coil consists of N loops of wire?

7= NIAB
— If the coil makes an angle 6 w/ the field [z = NIABSIn @
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Magnetic Dipole Moment

« The formula derived in the previous page for a
rectangular coll is valid for any shape of the coll

« The quantity NZ4 is called the magnetic L _
dipole moment of the coil I

: : — i F,
— |t is considered a vector |z = NIA h

o |ts direction Is the same as that of the area vector A and is
perpendicular to the plane of the coil consistent with the right-
hand rule

— Your thumb points to the direction of the magnetic moment when your
finer cups around the loop in the direction of the wire

— Using the definition of magnetic moment, the torque can

be written in vector form [~ : BLziXB
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Magnetic Dipole Potential Energy

« Where else did you see the same form of torque?
— Remember the torque due to electric field on an electric
dipole? 7= pxE
— The potential energy of the electric dipole Is
- U=-p-E
« How about the potential energy of a magnetic dipole?
— The work done by the torque is
_ U= 'rdezj NIABsin 8d@ = —uB cos @ + C
— If we (;qose U=0 at 6=n/2, then C=0

— Thus the potential energy is |U =—uBcos@=—z - B

* Very similar to the electric dipole
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Example 27 -8

Magnetic moment of a hydrogen atom. Determine the magnetic dipole
moment of the electron orbiting the proton of a hydrogen atom, assuming
(in the Bohr model) it is in its ground state with a circular orbit of radius

0.529x10-1m,
What provides the centripetal force? Coulomb force

e’ mv?
: F — —
So we can obtain the speed of the electron from bz, 1 "
> (8.99x10°N - m?/C?)-(1.6x10C)’
Solving for v =2.19%x10° m/s
\/47reomr (9.1x10*"kg)-(0.529x107*°m)
Since the electric current is the charge that passes through _ & _ e
the given point per unit time, we can obtain the current T 2ar

Since the area of the orbit is A=nr2, we obtain the hvdrogen magnetic moment

= AL &Y e g _er e2 et | r
2xr 2 2 \l4zgymr 4\ mgm
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The Hall Effect

 What do you think will happen to the electrons flowing
through a conductor immersed in a magnetic field?

— Magnetic force will push the electrons toward one side of the
conductor. Then what happens?
+ F; =-ev, xB
— A potential difference will be created due to continued accumulation
of electrons on one side. Till when? Forever?

— Nope. Till the electric force inside the conductor is equal and
opposite to the magnetic force x % xCx x

o + + + + +XE+ T

 This Is called the Hall Effect S xoxoxxp

— The potential difference produced is called o x;’)x o
 The Hall emf

— The electric field due to the separation of e

charge Is called the Hall field, E,,, and it points x+-¥+tjﬁ<«%@ 1

to the direction opposite to the magnetic force X X XpX XX

o i. yaciivuvlil 1 u (b)



The Hall Effect

In equilibrium, the force due to Hall field is balanced by the

magnetic force ev,B, SO we obtain SO
eEH = eV, B and EH =V, B X% i([:)? '
The Hall emfis then &y =Ey1=v,BI o
— Where (is the width of the conductor _{f J@?
What do we use the Hall effect for? T

— The current of negative charge moving to right is equivalent to the
positive charge moving to the left

— The Hall effect can distinguish these since the direction of the Hall
field or direction of the Hall emf is opposite

— Since the magnitude of the Hall emf is proportional to the magnetic
field strength =» can measure the b-field strength

« Hall probe
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