Electricity & Magnetism

Lecture 15

Today’s Concept:

Ampere’s Law

f Bed/ = Wol ociosed
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Your Comments

“For infinite sheets when you break up the integral to its . . . .
ts,| don't know how the integral was worked out e will e @ simulation (0 Hlustrate the
S€gments, g contribution to integral B dot dl from

to have gotten BL for each segment. When are you going different segments.
to put up the review material for the 2nd exam on the
website? Very soon..
“Can we discuss Ampere's Law and actually
solving problems using it? Thank you! This will be our calculation today

“B fields inside wires”

“Let's talk about why our lecture needs to stop AGREED!
having side conversations during lecture. It's Talking is encouraged during clicker
getting extremely irritating and distracting.” questions, but NOT OTHERWISE

“People should really keep it down in lecture. It's
getting really annoying.”

ﬁ

Confused 1 Confident

— e
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Infinite current-carrying wire

LHS: fé odl = deﬁ - dez = BXOnR

Ampere's Law

§B-dl = 1
vI \ RHS: ]enclosed =1
Ioutofscreen l
N
\_.4 2ntR

Ampere's Law

§ Bedll =l

General Case
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Practice on Enclosed Currents

ChackPoint| 6

CheckPoint 2 CheckPoint 4
,o ...... :> - ,'-- ----- _: ;»\
.~ R "l ". /R ,‘
""" = b =
I I I I
| i e
1 _ —
S0 1_ Case 2 [Case =] I C8992= 0 Ienclosed =0 Ienclosed =0
enclosed — I enclosed = I enclosed — enclosed Case 1 Case 2
For which loop is §B-d 2 Forl pis 3B-dl the greatest) ,_ .\ ispage ygun
COiase ! oCasze? oCase 1 JoCase 2 o©the same O Case 1 CCase

Hﬁ'di= Eol it

e ——

.1 ' 1
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CheckPoint 8

Cylindrical Symmetry /

8) An infinitely long hollow conducting tube carries current I in the direction shown.

“pt

Enclosed Current=0

Check cancellations

What is the direction of the magnetic field inside the tube? 1
O clockwase |
O counterclockwase ‘
O radially inward to the center
O radially outward from the center ’

O the magnetic Seld 15 zero
1
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B.dL vsL

®
I into

screen
— -
%B * df Ienc
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b -dt = ,UOIencl B.dL vs L
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B-df = Uolenc B.dLvsL
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Ampere’s Law

E : dZ: Uolenct ; B.dLvsL
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B.dLvsL

Which of the following current
distributions would give rise to the

B - dL distribution at the right?

®
®
® ®
®
®
A B C
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B.dLvsL
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B.dLvsL

smartPhysics
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B.dLvsL
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Match the other two:

A B

. | B.dLvsL |

® B.dLvsL

>

: vV

" | BdLvsL |
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CheckPoint 10

A current carrying wire is wrapped around cardboard tube as

shown below.

In which direction does the magnetic field point inside the tube?

oleft

onght

oup

odown

oout of the screen
o1into the screen

Use the right hand rule and curl your
fingers along the direction of the current.

B

-—-—«-—

1

smartPhysics
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Several loops packed tightly together form a uniform magnetic field inside, and
nearly zero magnetic field outside.

From this simulation, we can assume a constant field inside the solenoid and
zero field outside the solenoid, and apply Ampere’s law to find the magnitude of
the constant field inside the solenoid!

fé cdl=ul — ——p }E «dl +}B df +}z§ «dl +}z§ cdl=ul,,
1 2 3 4

BL+0+0+0=w,/,, == BL=unll e—p B=unl
n = # turns/lengtt
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Example Problem

An infinitely long cylindrical shell with inner radius a and Y
outer radius b carries a uniformly distributed current / out of
the screen.

Sketch |B| as a function of 7.

Conceptual Analysis

Complete cylindrical symmetry (can only depend on 7)
=> can use Ampere’s law to calculate B

B field can only be cIockwiH\terclockwise or zero!

fﬁ'dz =ul, 4

def = W,/,,. Forcircular path concentric with shell.

Strategic Analysis
Calculate B for the three regions separately:

1) r<a
2) a<r<b
3) r>b
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Example Problem

What does |5| look like for » < a?

fé-d?=u()¥c so B=0
0
BA BA
0 a b r> 0 a b r> 0 a b r>
A B C
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Example Problem

What does |B| look like for » < 5? e T~
//, \\\
’ \
e AN
'y \\
! \
! \
! 1
[ —_ X
fB dg HOX’C “ !
1 \‘\ /!
/
\ /
N ,
\\\ //
1 /& A TN i
B B B
0 a b - 0 a b r 0 a b i
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Example Problem

What does | 5| look like for » < b? e Rl \
— — e N
LHS: § B+ dl =§Bdl = Bfdl = B -2mr 2 N
$ §Bdl=Bf i \
RHS: ]enclosed =1 B \
1 ) X
I //3'
# B — l/"JO \\ /
2mr \ o
B B BA
0 a b r ; 0 a b r i 0 5 b r
A B C
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Example Problem

What is the current density j (Amp/m?) in the

conductor?
= 1 . 1 . I
A) ntb? B) J b ina |97 b’ -na’
— 2 2
J =1/ area area =nb” -mwa’
—~—7
j=
b’ -na’
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Example Problem

What does |5| look like fora <r<bH ?
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What does |5| look like fora <r< b ?

enc

fB di =, = BxXmr=u, xA

BXmr =u x ! )Q'E(]/'z _a2) — ] (I/' —-a ) Starts at 0 and
‘m (b2 — az) B = 5 increases almost
23'[37" (b —d ) linearly
A A A
B B B
0 a b r | o - b ~2 0 a b r
A I - S— C
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Example Problem

Y

An infinitely long cylindrical shell with inner radius a and
outer radius b carries a uniformly distributed current | out of
the screen.

Sketch |B| as a function of r.

v
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Follow-Up

Add an infinite wire along the z axis carrying current /.

What must be true about |, such that there is some value of
r,a<r<b,suchthat B(r)=07?

A) |I,] > |I] AND I, into screen

B) |[,| > |I| AND I, out of screen

C) |[,| <|I] AND I, into screen

D) |[,| < |I| AND I, out of screen

E) Thereis no current /, that can produce B = 0 there

B will be zero if total current enclosed = 0
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