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Lecture 09 Review

= All magnets have two poles: North and South with like poles repel
each other and unlike poles attract each other.

= Magnetic poles are always found in pairs and isolated magnetic
poles, or magnetic monopoles, have never been found. Although
they are predicted to exist in theory.

= The source of the magnetic field is from moving electric charges.
In fact, even the electron has a magnetic dipole that can generate
tiny magnetic field due to its spin.

= Permanent magnets have their electrons/molecules add together
to give a net magnetic field.

" To define the magnitude and direction of an unknown magnetic
field, we will need a moving test charge.
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Lecture 09 Review

= Magnetic field B is defined in terms of the force Fg acting on a test
particle with charge g moving through the field with velocity v.

F, =qVxB
= The Sl unit of magnetic field is tesla, where 1 T= 1 N/(A-m).

= The magnetic field of a magnet starts from the North pole and
ends in the South pole.

= When a conducting strip carrying a current i is placed in a uniform
magnetic field B, some charge carries build up on one side of the
conductor, creating a potential difference V, the Hall potential
difference, across the strip. The polarities of the sides indicate the
sign of the charge carriers. This is refers to as the Hall Effect.

= We can measure the drift velocity and the carrier density with the

Hall effect.
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Lecture 09 Review

= When a charged particle moving with a constant velocity perpendicular
to a uniform magnetic field will circulate in the field with a angular

frequency ‘q‘B
w=2nf =——

m
= A straight wire carrying a current i in a uniform magnetic field

experiences a sideway force F, =[x B
= A coil carrying a current in a uniform magnetic field will experience a
torque given by
T=jixB—17=uBsiné
" Here u is the magnetic dipole moment of the current loop, that is a
function of the current i, area 4 and the number of loops V.
1= NiA
= This is similar to the electric dipole moment in an electric field.
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Lecture Outline

= Chapter 29 & 30, D Halliday, R Resnick, and J Walker,
“Fundamentals of Physics” 9th Edition, Wiley (2005).

= Magnetic Field due to Current
— Biot-Savart Law
— Magnetic Field due to a long straight wire
— Magnetic field due to a current in a circular arc
— force between two parallel wires
— Ampere’s Law
— Solenoids & Toriods
— Induction and Inductors
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29.2: Calculating the Magnetic Field due to a Current
Biot-Savart Law

The Biot-Savart Law 1n electromagnetism Tl Gl S e R
describes the magnetic field generated by magnetic field at P, into the page.
an electric current. )
\'I"» Lo,
A small current element as shown will “d'ie B (into
generate a circulating magnetic field ds W= — page)
around the element. The magnitude of the N P
field 1s proportional to the current and the \
length of the element. Similar to the
electric field it is also inversely !. ( U Current
proportional to the square of the distance. distribution

Fig. 29-1 A current-length element
i d5 produces a differential magnetic
field dB at point P.The green X (the
tail of an arrow) at the dot for point P
indicates that dB is directed into the

page there.
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29.2: Calculating the Magnetic Field due to a Current
Biot-Savart Law

The magnitude of the field dB produced at point P at distance » by a current
length element i ds turns out to be

 ds sin O This law is
dB = Ho L as s experimentally
4 1’ deduced

where 61s the angle between the directions of i and 7, a unit vector that points
from ds toward P. Symbol 4, 1s a constant, called the permeability constant,
whose value 1s

wo=4m X 1077 T-m/A =1.26 X 107°T-m/A.

Therefore, 1n vector form

~ idsxr
dB = Ho > (Biot-Savart Law)
4 r
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-29.2: Magnetic Field due to a Long Straight Wire:

Fig. 29-3 Iron filings that have been sprinkled onto cardboard
collect in concentric circles when current is sent through the
central wire. The alignment, which is along magnetic field lines, is
caused by the magnetic field produced by the current. (Courtesy
Education Development Center)

PHY 1202

The magnetic field vector
at any point is tangent to
a circle.

Wire with current
into the page

Fig. 29-2 The magnetic field lines pro-
duced by a current in a long straight wire
form concentric circles around the wire.
Here the current is into the page, as indi-
cated by the X.
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29.2: Magnetic Field due to a Long Straight Wire:

=
W Right-hand rule: Grasp the element in your right hand with your extended thumb

pointing in the direction of the current. Your fingers will then naturally curl around in
the direction of the magnetic field lines due to that element.

The thumb is in the
current’s direction.
The fingers reveal
= = the field vector's
direction, which is
tangent to a circle.
(a) (b)

Fig. 29-4 A right-hand rule gives the direction of the magnetic field due to a current in a wire. (a) The
magnetic field B at any point to the left of the wire is perpendicular to the dashed radial line and directed
into the page, in the direction of the fingertips, as indicated by the x. (b) If the current 1s reversed, at any
point to the left is still perpendicular to the dashed radial line but now is directed out of the page, as
indicated by the dot.
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29.2: Magnetic Field due to a Long Straight Wire:

This element of current
creates a magnetic field
at P, into the page.

Fig. 29-5 Calculating the mag-
netic field produced by a current 7 in
a long straight wire. The field dB at P
associated with the current-length el-
ement i d5 1s directed into the page,
as shown.

B due to the current
element ids Biot-
Savart Law.

B due to the long straight
wire by summing up

My ids <7, idssin@

4z 1’ 47 r?

dB

B= ]OdB :2TdB
—00 0

(integrate) all the current i ]3 sin @ ds
elements from —inf to inf. . ) 2
sin 6 = sin( 0) K
= T — E—
Vs2 + R?
r=Vs?+ R?
B M ]3 Rds i s
27 (52 +R2)3/2 27R (s2 +R2)/2 0
_ My ms o
27R (lims2 +R2)% 27R

§—>00

PHY 1202

B due to a long
straight wire

B _ /’lol
27R
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29.2: Magnetic Field due to a Current in a Circular Arc of Wire:

The right-hand rule
reveals the field's
direction at the center.

PHY 1202

B field at the center of the circle due to the
current element ids of the circular arc of

current:

dB =

U, 1dssin90’

_ Mo ids

A

RZ

_47r R*?

ds Lr

B:de:j“O’Rd‘b Ho! _[d¢ ds = Rd¢

4 R*?
B — /Llol¢
4R

B= Mol (27) _ Mol

AR

2R

B due to the circular
current arc of angle ¢

B at center of a full
circle of current.
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Example, Magnetic field at the center of a circular arc of a circle.:

The wire in Fig. 29-7a carries a current i and consists of a
circular arc of radius R and central angle 77/2 rad, and two
straight sections whose extensions intersect the center C of
the arc. What magnetic field B (magnitude and direction)
does the current produce at C?

1\

A\ i

o

PHY 1202

Straight sections: For any current-length element in sec-
tion 1, the angle # between s and ris zero (Fig. 29-7b); so
Eq.29-1 gives us

o idssinf®  ug idssin0

dB, = & — 0.

4 r? 47 r

Thus, the current along the entire length of straight section 1
contributes no magnetic field at C:

81:0.

The same situation prevails in straight section 2, where
the angle #between d5 and 1 for any current-length element
1s 180°. Thus,

82:0.
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Example, Magnetic field at the center of a circular arc of a circle.:

Circular arc: Application of the Biot—Savart law to evalu-
ate the magnetic field at the center of a circular arc leads to
Eq.29-9 (B = wyi¢/47R). Here the central angle ¢ of the arc
is 77/2 rad. Thus from Eq. 29-9, the magnitude of the magnetic
field §3 at the arc’s center C is

pot(m/2) Mol

B, = . .
. 4R 8R

Net field: Generally, when we must combine two or
more magnetic fields to find the net magnetic field, we must
combine the fields as vectors and not simply add their
magnitudes. Here, however, only the circular arc produces a
magnetic field at point C. Thus, we can write the magnitude
of the net field B as

ol ol

=B +B+B,=0+0+— =——
B=B +B,+B=0+0+- =

(Answer)

PHY 1202

To find the direction of B, we apply the
right-hand rule displayed in the Fig. 29-4.
Mentally grasp the circular arc with your
right hand as in Fig. 29-7¢, with your thumb
in the direction of the current. The direction
in which your fingers curl around the wire
indicates the direction of the magnetic field
lines around the wire. They form circles
around the wire, coming our of the page
above the arc and going into the page inside
the arc. In the region of point C (inside the
arc), your fingertips point into the plane of
the page. Thus, B is directed into that plane.

I — 2

(a)

(!EW
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Example, Magnetic field off to the side of two long straight currents:

Figure 29-8a4 shows two long parallel wires carrying cur-

rents 7, and i, in opposite directions. What are the magni- /O\
tude and direction of the net magnetic field at point P? - -
Assume the following values: ;; = 15 A, i, = 32 A, and @*/ \9
d = 5.3 cm. d :
i i
Finding the vectors: In Fig. 29-8a, point P is distance R (a)

from both currents ; and . Thus, Eq. 29-4 tells us that at
point P those currents produce magnetic fields B, and B,
with magnitudes

Mol Mol
B, = d B, = .
L= xR T 2T R

In the right triangle of Fig. 29-8a, note that the base angles
(between sides R and d ) are both 45°. This allows us to write
cos 45° = R/d and replace R with d cos 45°. Then the field
magnitudes B, and B, become

B, = =0k — and B, = = —.

27rd cos 45 27rd cos 45° The two  currents
create magnetic fields
that must be added as

vectors to get the net rrment of Physics

PHY 1202 Jield. K

) City University of Hong Kong




Example, Magnetic field off to the side of two long straight currents:

Adding the vectors: We can now vectorially add B, and B,
to find the net magnetic field B at point P, either by using a
vector-capable calculator or by resolving the vectors into
components and then combining the components of B.
However, in Fig. 29-8b, there is a third method: Because B,
and Bf, are perpendicular to each other, they form the legs of

a right triangle, with B as the hypotenuse. The Pythagorean
theorem then gives us

Mol Mol
— < d — "
Bi = S dcosase A4 Br= 45
PHY 1202

= VB! + B} = 2+ 13

Zmr.*{cos 45°)

(47 x 1077 T*mfA]\/{lS AP + (32 A)
(27)(5.3 X 1072 m)(cos 45°)

= 1.89 X 10~*T =~ 190 uT.

(Answer)

The angle ¢ between the directions of B and E} in Fig. 29-8b
follows from

B,
= tan~' ——,
¢ B,
which, with B, and B, as given above, yields
i 15 A
= tan"! — = tan™! = 25°
¢ i 32A

The angle between the direction of B and the x axis shown
in Fig. 29-8b is then

¢ + 45° = 25° + 45° = T0°. (Answer)
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29.3: Force Between Two Parallel Wires:

B field due to wire a B — Wol,

at a distance d. a9

Force on wire b due to — L =
Fba = EbL X B:I'J

the B field of a.

au‘DLtaib

F. = i, LB,sin 90° =
ba Ib o 511] 21Td

ey

The field due to a
at the position of b
creates a force on b. <~

iy Eﬁ (due to ¢, )
Fig. 29-9 Two parallel wires carrying
currents in the same direction attract each
other. B, is the magnetic field at wire b pro-
duced by the current in wire a. F,, is the re-
sulting force acting on wire b because it
carries current in B,

"W To find the force on a current-carrying wire due to a second current-carrying wire,
first find the field due to the second wire at the site of the first wire. Then find the force

on the first wire due to that field.

-y

W Parallel currents attract each other, and antiparallel currents repel each other.

PHY 1202
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29.3: Force Between Two Parallel Wires, Rail Gun:

mpp— )

Projectile
_ 4 _~—Conducting
Conducting fuse \ , A oas
s % I
i

r‘ X l
i — .

B i

Conducting rail
(a) (b)

Fig. 29-10 (a) A rail gun, as a current
is set up in it. The current rapidly causes the
conducting fuse to vaporize. (b) The cur-
rent produces a magnetic field B between
the rails, and the field causes a force F to
act on the conducting gas, which is part of
the current path. The gas propels the pro-
jectile along the rails, launching it. Department of Physics
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29.4: Ampere’s Law:

Consider the magnetic field at i i
point P from the long straight | B = L 1
wire carrying current i. 27

Since B is tangent to the circle —
the dot product between B and |B -ds = Bds
ds 1s simply Bds.

N
l;

If we integrate the dot product § B.ds = Hol 27 =1, ‘
over the complete circle, then of

2717

The line integral of the B field around any closed loop is proportional to the
electric current passing through the area enclosed by the loop.

Ampere’s Law: §B-d§ =Ll
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29.4: Ampere’s Law:

Curl your right hand around
the Amperian loop, with the
fingers pointing in the
direction of integration. A
current through the loop in
the general direction of your
outstretched thumb is
assigned a plus sign, and a
current generally in the
opposite direction is
assighed a minus sign.

PHY 1202

Only the currents
encircled by the
loop are used in
Ampere's law.

Amperian /_ \ /
loop " \
@ 1 1 '|I !
. /
@3 _
s

=l

Direction of
— integration

Fig. 29-11 Ampere’s law applied to an

arbitrary Amperian loop that encircles two

long straight wires but excludes a third

wire. Note the directions of the currents.
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29.4: Ampere’s Law, Magnetic Field Outside a Long Straight Wire
Carrying Current:

All of the current is
encircled and thus all
is used in Ampere's law.

fﬁﬁ-dﬁ“ - 5681:;:05 0 ds = Bﬁgds — BQ2wr).

Amperian
loop

b BQ27r) = poi

Mol
B =
2r

(outside straight wire).

Fig. 29-13 Using Ampere’s law to find
the magnetic field that a current i produces
outside a long straight wire of circular cross
section. The Amperian loop 1s a concentric
circle that lies outside the wire.
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29.4: Ampere’s Law, Magnetic Field Inside a Long Straight Wire

Carrying Current:

+ o ar?
lone = 1 :
enc —~R2
2
mr
B(2mr) = pgt
0
mR?

2R?

.U«uf oo . .
B = ( r (inside straight wire).

PHY 1202

Only the current encircled
by the loop is used in
Ampere's law.

Wire
surface

Amperian
loop

Fig. 29-14 Using Ampere’s law to find
the magnetic field that a current 7 produces
inside a long straight wire of circular cross
section. The current is uniformly distrib-
uted over the cross section of the wire and
emerges from the page. An Amperian loop
is drawn inside the wire.
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Example, Ampere’s Law to find the magnetic field inside a long cylinder of
current.

Figure 29-15a shows the cross section of a long conducting f}g Bods = o
cylinder with inner radius ¢ = 2.0 cm and outer radius Hoencs

b = 4.0 cm. The cylinder carries a current out of the page. givesus

and the magnitude of the current density in the cross sec-

tion is given by J = ¢/, with ¢ = 3.0 X 10° A/m* and r in BQ2mr) = — 29T (44 — g4),
meters. What is the magnetic field B at the dot in Fig. 2

29-15a, which is at radius r = 3.0 cm from the central axis  Solving for B and substituting known data yield
of the cylinder?

c
B:_Ho

Amperian 4r

1
oop - (47 X 107 T-m/A)(3.0 X lUGAf'm4)

@ , N 4(0.030 m)

X [(0.030 m)* = (0.020 m)*]

(r* ~ a*)

= —2.0X107°T.
(a) (6) Thus, the magnetic field Bata point 3.0 cm from the central
Calculations: We write the integral as axis has magnitude
B=20x10"T (Answer)

lope = f]dA = f cr*(2arr dr)

r 4 |r
= ZWCJ' r3dr = 27mc [%]

me(r* — a%)

2
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29.5: Solenoids and Toroids:

Fig. 29-17 A vertical cross section through
the central axis of a “stretched-out”
solenoid. The back portions of five turns
are shown, as are the magnetic field lines
due to a current through the solenoid. Each
turn produces circular magnetic field lines
near itself. Near the solenoid’s axis, the
field lines combine into a net magnetic
field that is directed along the axis. The
closely spaced field lines there indicate a
strong magnetic field. Outside the solenoid
the field lines are widely spaced; the field
there is very weak.
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29.5: Solenoids:

Fig. 29-19 Application of Ampere’s law to a section of a
long ideal solenoid carrying a current i. The Amperian - h -
loop is the rectangle abcda. d - lr

]

_ﬁl'l'l'l'l*l'l'l'l'l 2 13 3 I 2
! -

1=

- =

B = a b
— | - i
— * |
* — L
B-ds = mglape- i\ —
0 £ 1 3 E3 B3 3 3 163 3 A Y 8 3 3 3 1 1 1 3 Y 3

b C d a
ﬁgﬁ-dfzf ﬁ-d§+f §-d§‘+f B’-df+f B-ds.
a b c d

lene = L(nh). Here n be the number of turns per unit length of the solenoid

Bh = ugnh

B = pgin (1ideal solenoid).
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29.5: Magnetic Field of a Toroid:

T mm

(@)

Fig. 29-20 (a) A toroid carrying a current i. (b) A
horizontal cross section of the toroid. The interior
magnetic field (inside the bracelet-shaped tube) can be
found by applying Ampere’s law with the Amperian
loop shown.

(B)(27r) = uolN.

where i 1s the current in the toroid windings (and is positive for those windings
enclosed by the Amperian loop) and N is the total number of turns. This gives

N 1
=1L (tomid).l
2T r
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Example, The field inside a solenoid:

A solenoid has length L =123m and mner diameter
d = 3.55 cm, and 1t carries a current 7 = 5.57 A. It consists of
five close-packed layers, each with 850 turns along length L.
What is B at its center?

KEY IDEA

The magnitude B of the magnetic field along the solenoid’s
central axis is related to the solenoid’s current ¢ and number
of turns per unit length n by Eq.29-23 (B = pyin).

PHY 1202

Calculation: Because B does not depend on the diameter of
the windings, the value of n for five identical layers is simply
five times the value for each layer. Equation 29-23 then tells us

5 X 850 turns
1.23m

(Answer)

B = pyin = (47 X 1077 T-m/A)(5.57 A)

=242 X 10T = 242 mT.

To a good approximation, this is the field magnitude through-
out most of the solenoid.
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29.6: A Current Carrying Coil as a Magnetic Dipole:

. . . 0
dB J JB — jom I ds sin 90
ol COS a ds
dB” =dBcosa. = A p?
mr

The perpendicular

components r=VR + 7

just cancel. We add R R

only the parallel COS @ = = )

components. r VR? + z2

_ polR
dB” — 41T(R2 I z2)3.-"2 (.fS.
s | ®
B R B — J' dB”
Fig. 29-22 Cross section through a cur- iR
rent loop of radius R. The plane of the — Ho ﬁ f ds
loop 1s perpendicular to the page, and only 41T(R2 + 22)3'2
the back half of the loop is shown. We use
the law of Biot and Savart to find the mag- )
. . - lR
netic field at point P on the central per- B(Z) _ Hy
pendicular axis of the loop. 3
2(R* +2%)? |
2partment of Physics

PHY 1202 pCILYU e
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29.6: A Current Carrying Coil as a Magnetic Dipole:

IR?

B(Z) — IL’Lﬂ —,

2(R2 + 72)"

poiR?
B == T =

o NiA
B =
Magnetic Dipole
Moment of N 1= NiA = NinR’

Fig. 29-21 A current loop produces a current loops:

magnetic field like that of a bar magnet and
thus has associated north and south poles.
The magnetic dipole moment & of the loop,
its direction given by a curled —straight 27 Z
right-hand rule, points from the south pole
to the north pole,in the direction of the
field B within the loop.

E(Z) _ Hy U B due to the

3 magnetic dipole
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29.7: Summary:

 Biot-Savart Law:

g5 = Ho zd§2><r
4 r

t, =47 x107 T-m/A
* B field of a long straight wire

l;: A%i
27R

B field of a circular arc

B = H Ol¢ B due to the circular
47R current arc of angle ¢

B at center of a full
circle of current.

B= Mol (27) _ Myl
47R 2R

PHY 1202

Force between parallel currents
}ga::Qll%Eﬁn90°::£@££dg
27d
Ampere’s Law
§B . d§ :lLIOienc

B field of solenoid & Toroid

. Nu,i 1

B=nuy | |B= Hot ~

2w ¥

solenoid toroid

Magnetic Dipole
5 Ho H
B(z)=—"—
(2) 27 Z°

Department of Physics
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Inductance: The First Experiment

1. A current appears only 1f there 1s relative

motion between the loop and the magnet (one
The magnet's motion must move relative to the other); the current
creates a current In .

disappears when

the relative motion between them ceases.

the loop.

2. Faster motion produces a greater current.

3. If moving the magnet’s north pole toward
the loop causes, say, clockwise current, then
moving the north pole away causes
Fig. 30-1 An ammeter registers a COU.I’ItGI'ClOCleSG current.
current in the wire loop when the magnet MOViIlg the south pole toward or away from
1s moving with respect to the loop. .

the loop also causes currents, but in the
reversed directions.
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Inductance: The First Experiment

The magnet's motion
creates a current in
the loop.

Fig. 30-1 An ammeter registers a
current in the wire loop when the magnet
1s moving with respect to the loop.

PHY 1202

1. The current thus produced in the loop 1s
called induced current.

2. The work done per unit charge to produce
that current (to move the conduction electron
that constitute the current) 1s called an
induced emf. The same emf as in Lecture 8.

3. emf — electromotive force and have the unit
of volt (V)

4. The process of producing the current and
emf 1s called induction.
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Inductance: The Second Experiment

For this experiment we use the apparatus of
Fig. 30-2, with the two conducting loops
close to each other but not touching. If we
close switch S, to turn on a current in the
right-hand loop, the meter suddenly and
briefly registers a current—an induced
current—in the left-hand loop. If we then Closing the switch
open the switch, another sudden and brief causes a current in
induced current appears in the left hand the left-hand loop.
loop, but in the opposite direction.

Fig. 30-2 Anammeter registers a cur-
rent in the left-hand wire loop just as switch
We get an induced current (and thus an S is closed (to turn on the current in the

induced emf) only when the current in the right-hand wire loop) or opened (to turn
right-hand loop is changing (either turning off the current in the right-hand loop). No
on or turning off) and not when it is motion of the coils 1s involved.

constant (even if it 1s large).
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Faraday’s Law of Induction:

]

W The magnitude of the emf € induced in a conducting loop is equal to the rate at
which the magnetic flux @ through that loop changes with time.

The magnetic flux is
Dy = f B-dA (magnetic flux through area A).

If the loop lies in a plane and the magnetic field is perpendicular to the plane of
the loop, and 1f the magnetic field 1s constant, then

®p = BA {E 1 area A, B uniform).

The SI unit for magnetic flux 1s the tesla—square meter, which is called the weber

(abbreviated Wb).
lweber=1Wb=1T-m2

d®
€= — Tﬂ (Faraday’s law),

Department of Physics
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Faraday’s Law of Induction:

If we change the magnetic flux through a coil of N turns, an induced emf appears
in every turn and the total emtf induced in the coil is the sum of these individual in-
duced emfs. If the coil 18 tightly wound (closely packed).so that the same magnetic flux
@, passes through all the turns, the total emf induced in the coil is

(coil of N turns). (30-5)

Here are the general means by which we can change the magnetic flux
through a coil:

1. Change the magnitude B of the magnetic field within the coil.

2. Change either the total area of the coil or the portion of that area that lies
within the magnetic field (for example, by expanding the coil or sliding it into
or out of the field).

Change the angle between the direction of the magnetic field B and the plane
of the coil (for example, by rotating the coil so that field B is first perpendicu-
lar to the plane of the coil and then is along that plane).

Department of Physics
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30.4: Lenz’s Law:
—

@ An induced current has a direction such that the magnetic field due to the current
opposes the change in the magnetic flux that induces the current.

The magnet's motion Opposition to Pole Movement. The approach of the
creates a magnetic

i o i s magnet’.s north pole in Fig. 30-4 -incregses the |
the motion. magnetic flux through the loop, inducing a current in
the loop. To oppose the magnetic flux increase being
caused by the approaching magnet, the loop's north
pole (and the magnetic moment x) must face toward
the approaching north pole so as to repel it. The
current induced in the loop must be counterclockwise
in Fig. 30-4. If we next pull the magnet away from
the loop, a current will again be induced in the loop.
Fig. 30-4 Lenz's law at work. As the Now, the loop will have a south pole facing the
magnet is moved toward the loop,a current  Tetreating north pole of the magnet, so as to oppose

is induced in the loop. The current produces the retreat. Thus, the induced current will be
its own magnetic field, with magnetic di- clockwise.
pole moment i oriented so as to oppose

the motion of the magnet. Thus, the in-

duced current must be counterclockwise

as shown.
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Inductors and Inductance:

An inductor (symbol 909, ) can be used
to produce a desired magnetic field.

If we establish a current i in the windings
(turns) of the solenoid which can be
treated as our inductor, the current
produces a magnetic flux @, through the
central region of the inductor.

The inductance of the inductor is then

NO

L = . (inductance defined)
[

The crude inductors with which Michael . . .
Faraday discovered the law of induction. In The SI unit of inductance is the tesla—

those days amenities such as insulated wire ~ square meter per ampere (T m?/A). We
were not commercially available. It is said call this the henry (H), after American

that Faraday insulated his wires by wrap-
ping them with strips cut from one of his
wife’s petticoats. (The Royal
Institution/Bridgeman Art Library/NY)

physicist Joseph Henry.
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Inductance of a Solenoid:

Consider a long solenoid of cross-sectional area 4, with number of turns N, and of
length /. The flux 1s N®y = (nl)(BA).

Here n is the number of turns per unit length.

The magnitude of B 1s given by:  p = 4 in,

N®, _ (nl)(BA) _ (nl)(poin)(A)

Therefore, L =—
! ! !
= pon’lA.

The inductance per unit length near the center is therefore:

L
= ,U«{}-"IEA (solenoid).

[

o = 47 X 1077 T-m/A
= 477 X 1077 H/m.

Department of Physics
PHY 1202 BB H AR
City University of Hong Kong




Self-Induction:
s

W An induced emf €; appears in any coil in which the current is changing.

This process (see Fig. 30-13) is called self-induction, and the emf that appears is
called a self-induced emf. It obeys Faraday’s law of induction just as other

induced emfs do.
R

—VWWWW
L +
~ N®, = Li.
o =)
é , T ;'_.C':'.:)
=
r o _ _ ANy
i dt
Fig. 30-13 Ifthe current inacoil is
changed by varying the contact position on
a variable resistor, a self-induced emf €, Adi
will appearin the coil while the current is %’-E:L = —L (self-induced emf).
changing. dt
)

PHY 1202 # This 1s defined 1n the Elir.ectlonﬁ(;g E:S current.
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