Announcements
1. Next week (Mar. 3-7) —
No lectures (NAWH will be out of town 3/1-3/8.)
Second exam — covering Chap. < 33
May pick up exam from physics office between
9 AM - 5 PM (except during lunch hour) starting Monday
3/3. Completed exam (within guidelines of the honor
code) must be turned into the physics office within
of when 1t was picked up. Last deadline for
turning in exam is S PM Friday, 3/7. You may use your
text and notes (including your HW solutions) but no other
resources for working the exam.
2. HW set 16 — deadline extended to Mar. 3 due to power
outages.
3. Extra problem solving session ?? Today at 3 PM??7??
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Magnetic forces -- moving charges and currents

Right hand rule:

F=gvxB
F|=lg|v[Bjsin®

In plane containing v and B:
For IIlOVlIlg Charge. ..............................

F=gvxB
For current in wire of length L:

F=LIxB
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For point particle of charge ¢ and mass m moving such that there 1s
no component of its velocity vector v of the particle in the direction
of the magnetic field, the particle moves in a circular orbit:

2
V

F=qvB=ma, =m—
r

X X X X X X X
X X X X X X X
xxi?hvn,xx
X X %X X X X
X X %X X4 X
X X X X'R'X X

X XXX XXX
X XXX XXX

__my

]/’_
qB

(diagram for positive charge)

XXX XXX X X
XX XXX X X X
XXX XXX X X

B (into screen)
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Net forces on a current loop: number of

/oops in coil

XXXXXXX XXX — NL IB (up)

X X X XXX XXX X
X XXX XXXXXX Fpao= NL 1B (down)

X X XX B % X XXX

! Torque on loop:
X X XX XX X XXX

% s selesesd v s  T=ANLIBsin®
X X X X% XXXXX — ANI

B (into screen)

F

front

T=UxB

==-1
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New “laws” regarding magnetic fields —

Ids x r

Biot-Savart law: g = Ho .

It r

Ampere’s law:  {B-ds=p,/,,

(Ampere’s law 1s equivalent to Biot-Savart law 1n
the same way that Gauss’s law 1s equivalent to
Coulomb’s law 1n electrostatics)

Faraday’s law: g — fE-ds= —ijB-dA
dt
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Sources of magnetic field — currents

Biot-Savart law

ﬂf]?'unut PP 2
Ids <t
! JB = Ho

/ At 72
{

Ny

Field from a single moving charge:

B ~ Ho qvif‘
4t r
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Digression on the right-hand rule: I x r = B

palm fingers  thumb
fingers  thumb  palm

thumb palm fingers
I
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Ampere’s law

l. Forr > R:
B-ds=p,/,,
§ ’ BRwr)=p,l, = B:“zolo
, r
| . ’{;"’f’d A
iy
/ s
'; [ 7
t {{
v\ ‘f.
NI
2.Forr <R o
2
r Wolor
B(2nr)= — = B=
( ) Ho OR2 271:R2
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Example of Ampere’s law for two wires:

Suppose that there are two wires perpendicular to the screen
both with currents / flowing into the screen. What 1s the
magnitude and direction of the magnetic field at the point P?

B:M—Ol2cosq>: 2“20] = 2P ;
2mr 2nd? + P2 \d*+ P

Note: The two wires exert a force on
eachother. In this case, the force 1s
attractive and, in terms of the length /
of the wires, has the magnitude:

S F B _ “0[ ’
|  4nd
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Magnetic field in the solenoid geometry

Qnumber of coils/unit length

B
Exterior ' Lo
A A & A & l% %l
r——”—g————ﬂl—jr
|
| X |
ox 3¢
X |
X |
!____)(_i____!_‘lr_
X
le
Interior L L
I I I I
Helical form Tight coil form Ideal form
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Faraday’s law:

X X X X X X X X X X X

02/28/2003

£:§E-ds:—d%jB-dA
XXXXXXXX XX X

X X X X X X X X X X

X
X
X
X
X
X
X
X
X
X
X

XXXXXXXX XX X
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Example: AC generator

Y Y

d d

~—[B-dA =—(BAcost)

dt dt

= —wBAsin of
External External
Xt’(_:ma Brushes © — circuit
rotator " = & = wBAsIn ot
\ﬂ_}
£max
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Inductance as a circuit component:

Recall the solenoid geometry:

N

B ’[ J &«\\}4 Silfsz(l)tif} Iigdgtcae;s eE;f In itself
:Rvﬁ-._._ﬁ"\:\;\-.:'\”‘hl o, u cC ).

4-""".'_'? J J J . — For each coil of the solenoid:
1) T d d

E=—"[B-dA=-""|u,nl R’
(@) l’ a’tj dt (“On )
=—Uoh R’ dt

dl dt
E:[otal — —\Nﬂo” 7[62 jl‘

T «— units: | Henry =1 V/(A/s)
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Inductors 1n a circuit:

L,
Wy ‘
R
- +
T L
Te -
o 5
S
dl
—IR-L—=0
E:battery dt
solution for /(7) assuming /(¢ = 0) = 0:
10=*% (1—e D) §31§; 1-¢71=0.632
R 04
~ 0.2
T=L/R I ERNE AT
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LC — circuits:

+|C
— 13
- QIT[HX
S
L d_
C dt
q dzq . 1
or: —L_129_¢o q(t)=0,cos(oy+¢) with o,=,|——
C  dt? LC
dq .
1(t) = ar —00y SI(@f +¢)
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DC circuits

AC circuits

€ = constant in time

( constant 1n time

[ = { constant+ [,e"'"

. damped oscillations

Kirchhoff’s rules apply

E=E . smwtor & . cos wt
erms - £max /\/z

|= transients + I, sin (Wt—)

Kirchhoff’s rules apply
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Example

—AMA——000, 1 Kirchhoff’s rule:
R L C
—R]—L%—%JrAVmaX sinwt =0
) AN
—/ could also be cos wt
Solution:

I(t) — [max SiIl((Df o (P)

¢ = tan "
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J

AV,

] — max

max \/ 2 ( 1 jz
R +|oL———
oC
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Example:

An ac source with Vmax =170 V and £ = 60.0 Hz 1s
connected between points a and d :

if { i i
S L
W00 1&8mH 60 pF

What 1s the maximum voltage between

a and b?
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