PHYS 1441 — Section 002
Lecture #20

Wednesday, Nov. 18, 2020
Dr. Jaehoon Yu
« (CHZ28

* Magnetic Field Due to a Straight Wire
 Ampere's Law

* Solenoid

» Magnetic Materials and Their Behaviors
» Hysteresis
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Announcements
 Reading assignments: CH28.6 — 10

* Quiz 4 on Quest

— Beginning of the class Monday, Nov. 30
— Covers: CH27.4 — what we finish Monday, Nov. 23
- BYOF

* No class next Wednesday, Nov. 25

* The final comprehensive exam date and time
— 11am - 12:30pm, 90min, Wed. Dec. 16
— Same number of problems as in 80min exam
— No class Monday, Dec. 14
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Some Basic Formulae

* The force due to a uniform magnetic field 8 on the wire
carrying current Iin the wire w/ length £ immersed in the field

F=IIBsin@
F=1I xB

» Magnetic field at distance r from the wire generated by the
current I flowing in the wire

B Mol

21y
— g is the permeability of free space Uy =47 X 107" T- mf A
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Force Between Two Parallel Wires

We have learned that a wire carrying the electric current
produces magnetic field

Now what do you think will happen if we place two current
carrying wires next to each other? O R N

— They will exert force onto each other. Repel or attract? @ <20 @
— Depending on the direction of the currents - (@D

This was first pointed out by Ampére. <)

Let’s consider two long parallel conductors separateci by a
distance d, carrying currents 1; and L.

At the location of the second conductor, the magnitude of
the magnetic field produced by 1 is B o1,
' 2nd
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Force Between Two Parallel Wires

* The force F by a magnetic field B, on a wire of
length £ carrying the current I, when the field and

the current are perpendicular to each otheris: F =7 B

— So the force per unit lengthis  F° Uy 1
—=LB =1,
[ “or d
— This force is only due to the magnetic field generated by
the wire carrying the current 1
* There is the force exerted on the wire carrying the current I,
by the wire carrying current I, of the same magnitude but in
opposite direction
Iy L,

+ So the force per unitlengthis |75, | 9] Q&
* How about the direction of the force? (poi21) O RO

(a)

If the currents are in the same d|rect|on the attractwe force. If opposite, repulsive.



Example 28 — 5

Suspending a wire with current. A horizontal wire carries I, =80A
a current ;=80A DC. A second parallel wire 20cm below it 1 —
must carry how much current I, so that it doesn’t fall due  ¢=%¢m

Fy
to the gravity? The lower has a mass of 0.12g per meter l 1 —
of length. " :

Which direction is the gravitational force? (poll 21)
Down to the center of the Earth
This force must be balanced by the magnetic force exerted on the wire by

the first wire. £, _mg _Fy _py L,

[ [ [  2rn d

Solving forlz> I, = W;g Zﬂld _
Holy

27(9.8m/s”)-(0.12x107 kg ) - (0.20m)

(47 %107 T-m/ 4)-(804)
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Operational Definition of Units: Ampere and Coulomb

» The permeability of free space is defined to be exactly

ty =4 x107" T -m/ A

* The unit of the current, ampere, is defined using the definition

of the force between two wires each carrying 1A of current and
separated by 1m

F oy L, 4zx107T-m/A14-14

| 27 d 27T Im

— S0 1A is defined as: the current flowing each of two long parallel
conductors 1m apart, which results in a force of exactly 2x10-"N/m.

Coulomb is then defined as exactly 1C=1As.

=2x107 N/m

 We do it this way since the electric current can be measured

more accurately and controlled more easily than the charge.
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Ampere’'s Law
 What is the relationship between the magnetic field
strength and the current? |5_ #!

— Does this work in all cases?
* Nope!
« OK, then when?
* Only valid for a long straight wire

* Then what would be the more generalized
relationship between the current and the magnetic
field for any shapes of the wire?

— French scientist André Marie Ampére proposed such a
relationship soon after Oersted’s discovery
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Ampere’'s Law
» Let's consider an arbitrary closed path
around the current as shown in the figure.

- Let's split this path in small segments each of sl ...
length Al by the path
Aflong. I

— The sum of all the products of the length of each

segment and the component of B parallel to that
segment is equal to p, times the net current 1, that

passes through the surface enclosed by the path

- ZB”AZ — :uO]encl

— In the limit Af=>0, this relation becomes

— B. ] = Look imil law in th
§B-d1= o]  mpieaitan] S 5
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Verification of Ampére’s Law
» Let’s find the magnitude of B at a distance r

1

away from a long straight wire w/ current 1 (5

— This is a verification of Ampere’s Law

— We can apply Ampere’s law to a circular path of
radius r.

tiol,y = §B-dl=PBdl=Bdl=27rB

1 1
Solving forq> B:’uo encl _ o L
2rr 2w r

1

— We just verified that Ampere’s law works in a simple case
— Experiments verified that it works for other cases, as well
— The importance of this formula, however, is that it provides

means to relate magnetic field to current




Verification of Ampére’s Law

 Since Ampere’s law is valid in general, B in Ampere’s law is
not just due to the current 1.

B s the field at each point in space along the chosen path
due to all sources

— Including the current 1 enclosed by the path but also due to any
other sources

— How do you obtain B in the figure at any point? "
* Vector sum of the field by the two currents @

— The result of the closed path integral in Ampere’s law for
green dashed path is still pyz;. Why?

— While B in each point along the path varies, the integral @
over the closed path still comes out the same whether
there is the second wire or not. 7
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Example 28 — 6

Field inside and outside a wire. A long straight
cylindrical wire conductor of radius R carries current 7of
uniform density in the conductor. Determine the /
magnetic field at (a) points outside the conductor (r>R)
and (b) points inside the conductor (r<R). Assume thatr,
the radial distance from the axis, is much less than the
length of the wire. (c) If R=2.0mm and /=60A, what is B

at r=1.0mm, r=2.0mm and r=3.0mm?

Since the wire is long, straight and symmetric, the field should be the same
at any point the same distance from the center of the wire.

\\\\\\

Since B must be tangential to circles around the wire, let's choose a circular
path of the closed-path integral outside the wire (>R). Whatis Zono? I, =1

So using Ampere’s law
lLlO]: @Bd!z 2727"B SolvingforB> B:&i

2T r
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Example 28 — 6 cont'd

For r<R, the current inside the closed path is less than 1.

How much is it? ) )
Ty
]encl =1 9 =1 L
TR R

So using Ampere’s law

2
lLlO[(Lj = 4)3'6”227[7']3 SoIvingforB>B:ﬂ£

R
What does this mean?

The field is 0 at r=0 and increases linearly o potodr o ]
as a function of the distance from the 2% K . Y
center of the wire up to r=R then decreases |
as 1/r beyond the radius of the conductor. i

0 =i r
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Example 28 — 7

Coaxial cable. A coaxial cable is a single wire surrounded by a
cylindrical metallic braid, as shown in the figure. The two Insulating A
conductors are separated by an insulator. The central wire ~ ¥°°V%,
carries current to the other end of the cable, and the outer braid 1«7
carries the return current and is usually considered ground. '
Describe the magnetic field (a) in the space between the

conductors and (b) outside the cable.

(a) The magnetic field between the conductors is the same JIn ]
as the long, straight wire case since the current in the outer B = ———
conductor does not impact the enclosed current. 27 1

(b) Outside the cable, we can draw a similar circular path, since we
expect the field to have a circular symmetry. What is the sum of the total
current inside the closed path? [ = J_-1=0.

nel —

So there is no magnetic field outside a coaxial cable. In other words, the
coaxial cable self-shields. The outer conductor also shields against an

external electric field. Cleaner signal and less noise.
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i Solid wire



