v}‘:\ .
v ®
- .

F=qv, B=qvB,

F=1£B, =1£Bsin(0)
MO I = ZB” Al Ampere’s Law

edge

ul=B2mR  =>B= Mo
2TTR

4-0



Magnetic Interactions _
1.) Force at a distance
Like electrostatics!

2.) Repulsive and attractive
Permanent magnets

S N |_break = |S N S N
7] =
repulsive
— o PUSNe

M) [57 attractive!

- |s| N
Magnets and Magnetic fields : Dipole Fields * __ _—C_____ - __________
Magnetic field B {Like E} !
Magnetic field lines
B — units Tesla = kg m} f
CS NG
4-1 %/{ ) \\&



Forces on charge due to B (magnetic field)

—>No force,\ B<

oF Y

v.1lB 3JFforce - 1 F |
direction by right hand rule! v y >

note: @ =vectoratyou U &-Gi+q F i F
_ opposite: I Y 5
& = vector into page N \KB

o)

V,=VsIno

F=qv, B=qvB,
=gvBsinb
4-2



-1q| THp thumDb

Croft preferred RHR
direction by right hand rule!

Another equivalent
RHR




Faraday Motor

side view

stesl tube

steel rails

-

| I 1 ] L | B A | ]

mnagnets _——

A%T T/T}} A B=zmagnetic field

B

top view

F
IQ@ -
\armw going
into paper

NEiEager-Y S F= frve de to I noving in B
steel railS'*### T i
F=- @ B=magnetic field
nagnets k\\
voltage=0 —
2 \\I=cmmz¢ I
F
steel tube B @ -
4-23 ArTYOW Ccoming /

out of papsr




F=qV,B UnitsBfield tesla

~N=c ™M
S

F B :>T:N_S: kgn; S ZZQIT
%0° : _ mC s“mC | Cs

(a) (b)

uniform B field — v 1 to B = circular motion.



17 Circular m arge in a
uniform magnetic field gfectr

Y
fcc.a/f-' - mMa :MV’“: evp
R
\V4
et £V
o
// ¥y A o
F
/ \ =(e\Ré
. F < A M » ;)
/ -\
. ‘ L———’(
| l Sart fe
\ / ‘.gl‘,a m
\ w,
\ "l
\ /

N &
P~ -7~
y ,

Path of electron B is into the page 4-3a



General motion of charged particle in a magnetic field

B . || direction
: V|| = constant

-
o magnitude & direction
_AV&*E‘FE“E’ B 5

_Vparalle . L direction

4-3b



deflects charge parti
from Sun

: R
charged particles solar wind—,
spiral down ‘
magnetic field lines .

near magnetic poles create, aurora

- _ Note: Geographic N-pole
* Caravaglio (2011) = s actually a S of a maane




The ionized (charged) gases/plasma are following the protruding

from the Sun. /
F - \

N

PROMINENCES: Surging clouds of ionized gas are hest visible along
the limb: loop prominences can tower tens of thousands of miles high,

4-3d



Force on a straight wire with | due to B

It
Note: here V..B L F N:Au\annST
F=QVB T=""
Q Am
but I:T kg m
T=_8
P T &
o / y J4 S
or t= — |£\i T:Q
V and so =QV Cs

> F=(QVv)B=(1£)B [F=(14)B|"~

In general

I
0 »B
B\, -~  |F=1£B, =1£Bsin(0)

4-4 (4.5at end)



Flowing charge (current) creates magnetic field.

{‘,‘b‘\* 46&9[ f‘“/ﬂ-

&’

&

2°nd right hand rule: RHR for B direction created by current




Magnitude of field (Biot & Savart Law)
{Like point charge electric field law but for current}

{NOT REQUIRED FOR THIS COURSE : BUT GOOD TO KNOW}

T AB = o 1A G 0)
¢ A r

S:o:‘(&’ o’h'ld‘ "r T /= /Ch’.’l\ A

To calculate tot field add (*as vectors) up all AB from each A4
[B&S Law- magnetic field equivalent of electric field point charge]

| AL sin(0)

2 "
r k': (o) 7_{_‘/: G/sr k'_—: Mo
e L A\ L &¢ir

AB =K'




8 Sild — siapl exampl (using Biot & Savart Law)

C—a’/‘c-u/af‘ lao,a - s{a.lpf a/' c_-.g.-ula ’i‘

A &= kI AR
R‘l—
divida.  ecrele ok N pards
of 02 ecach

= 2R =~ ype=27R
~ —

!_'.&Ji- every n 6 S AR oY
K = M A& = Vi IT= oKX

R\-
- k& L QM) {NOT REQUIRED FOR THIS COURSE :
R BUT GOOD TO KNOW}
=L 2%R 4 ws T
R 5 R |
. - I_ ' last slide 9/27/17 lec
a: 27 S & ~ = T
4-1 { R \lf 2 R




Ampere’s Law

/ LS ﬂ»rouu/
2 Suf;ou
Tzcure. 6&./00'-3 4 ",5}-'
Mhrous iy _ -
< 'l&“' B,=B cos (0)

here

[ edg
= current B along Al
through surface

Add up around surface edge.



( B B along circle & B always constant on circle.

[circumference] " K,
Kol = B [2TtR] From Ampere’s Law - 4
—_— l'l'O I or I
=B = 2>qtR | — Forawire B:&
. R
example \ - N
Suppose | =1A: R=1m: B=? o [47(10) ?] 1A
B 277 1m
; _ 72 NA 7 N
Units check = 2(10) o B=2(10) N
Recall: F=qVvB F=I1¢B
= N B=2(10)" T very small!
B=— — T=
14 Am 4-9




— Two long magnetic wires carry currents of 2.0 A and 6.0 A. The
wires are 1.0 m apart and the currents flow 1n opposite directions.
Determine the magnetic field strength and 1ts direction at a point (P)

2.0 m away from the right long straight wire.

|
B,=101-20(107)T
27,

|
B,=102-40(107)T
27,

— — — Out of

B= Bl + B> the page

B=+B,-B,=-20(10") T

A. Brahmia

I,=2.0A
A
I
B

2

s |
Q&. P

®

B,

2 I =

L=6.0A

4-9a

Positive direction arbitrary
chosen to be into the page(+)



Force between 2 parallel wires L=1 m, at 0.1m, | =150 A

K Ql | b duadr 1

| A T =
- - F = 41 6
oo Vi & NLL en 5
i CD—QL R - § T 2kl
e 7 R
(0-'#*\)
/: e, __l;Iq\l (<
* - R
s = | m  (50) A K~ o 7._"-:
0.l o) A
- 0lm= .05N
v = o) xsoo - X (9 vV 001 m= 5N

J

5¢ 000 Cior” " M

=~ =
L .005/\1/

4-10



Magnetic field of long solenoid

=

8 1.) B field outside goes to O

A

cce@®bties o
N —
y

-

é

f

Cach/
& S,‘c[:j outsihe_
)'o/uo-'l( N

4-11
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Magnetic field of long solenoid

' K 2.) B field inside

o
6 S
&
"N
1)
Q

. X—:’zo - O=+InL-InL
: \ Bout:O
. 'J-M\u.s pur /Q

T- nl = 4ot cann Mrmwh surhea

_&‘sal‘OunJ /agf
B-L +o0 = T nl 4

5 ](B = r " /“o/ oo Sa(u»oc’&/
4-11a




B Superconducting solenoid

B=1n g,

_ 100A [100,000 tuﬂ] [ 47(10)7]-)

+ R=0.025m A?
Q: What is outward NA
force on inside of sucha|  =(10)* 10° 47 (10)” =4[3.14] T
mA’

solenoid?
R=0.025m

I= 21t R=270.025m

F =11B= (100A) (.025m 2x) 12
AN

B =12T

= (100) (.025) (6.28)12

=(2.5)(6.28) 12N
=150N

~33.7 Ibs. 4-19



Magnetic Field Review B

. Right Hand
F=qv,B or F=qvBsin6 A N R:ﬁe 3
B E
DAY F=1/B, orF=1/B sinf
_IAL _— K= Ho
AB = k'—-sin 0 Not required: —
r A1
Long wire: - % _— ;OII{
T ]

Center of Loop (circular):

2nk'T _ pl
Bcenter_ _
R 2R

Solenoid:

‘ B = p,nl=4n k'nl
4-13




Torque, 1, on current loop (assume square) in B field

—_—

. M
0 ) T =n B sin(0)

u = magnetic moment (like electric dipole)

.loop plane) | .

-+

Y
D F; / ;u// 100,0_04\7" ba?‘ ne

\ > 6
N s
AN ok T2

T=1L2%B |:l

T =1AB sin(0)
e S &
< Plave 0"5'/00)’
= ITA

2>— U B s/« G



