N
e

PHYS 1444 — Section 003
Lecture #19, Review Part 1

Tues.-Thurs. November 6,8 2012
Dr. Andrew Brandt

Chapter 29
Motional emf
Domains

REVIEW Part 1 (some of part 2 also included in slides)

Nov. 6,8 2012 PHYS 1444-003, Dr. Andrew Brandt



#\ EMF Induced on a Moving Conductor

* Another way of inducing emf is using a U shaped ]

conductor with a movable rod resting on it. B& &0
* As the rod moves at a speed 7, it travels dt in
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time dt, changing the area of the loop by dA=/edt. © @)@ oL

(outward

» Using Faraday’s law, the induced emf for this loop is W
d®, BdA Blvdt

PR UL
dt dt dt

—This equation is valid as long as B, | and v are
perpendicular to each other.

An emf induced on a conductor moving in a
magnetic field is called a motional emf
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m Magnetic Materials - Ferromagnetism
Iron is a material that can turn into a strong magnet
— This kind of material is called ferromagnetic

* In the microscopic sense, ferromagnetic materials consists of many tiny
regions called domains
— Domains are like little magnets usually smaller than 1mm in length or width

 What do you think the alignment of domains are like when they are not
magnetized?
— Randomly arranged } T

» What if they are magnetized?

— The number of domains aligned with the A
external magnetic field direction grows '

— This gives magnetization to the material
» How do we demagnetize a bar magnet? |
— Hit the magnet hard or heat it over the Curie T
¢

temperature
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N . . .
F B in Magnetic Materials
» What is the magnetic field inside a solenoid?

+ B, =140l

— Magnetic field in a long solenoid is directly proportional to the
current.

— This is valid only if air is inside the coll
* \What do you think will happen to B if we have something
other than the air inside the solenoid?

— It could be increased dramatically: if a ferromagnetic material such as
iron is put inside, the field could increase by several orders of magnitude

o Why?
— Since the domains in the iron are aligned by the external field.

— The resulting magnetic field is the sum of that due to the current in
the solenoid and due to the iron
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ra B in Magnetic Materials
* |tis sometimes convenient to write the total field as the
sum of two terms
. B=B, +B,
— B, is the field due only to the current in the wire, namely the

external field
* The field that would be present without a ferromagnetic material

— By, is the additional field due to the ferromagnetic material itself;
often By>>B,

» The total field in this case can be written by replacing p,
with another proportionality constant pi, the magnetic
permeability of the material |B = unl

— uis a property of a magnetic material

— uis not a constant but varies with the external field
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’e, . . Hysteresis e
+$What is a toroid? y S
- A solenoid bent into a circle

leakage

» Consider an un-magnetized iron core toroid, without any

current flowing in the wire

— What do you think will happen if the current slowly increases?

— B, increases linearly with the current.

— And B increases also but follows the curved line shown in the graph
— As B, increases, the domains become more aligned until nearly all

are aligned (point b on the graph)

 Theiron is said to be approaching saturation 1ol

1.00

* Point b is typically at 70% of the max

0.60 -

0.40 -
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N :
r Hysteresis
» What do you think will happen to B if the external field B, is reduced to
0 by decreasing the current in the coil?
- el
— Wrong! Wrong! Wrong! They do not go to 0. Why not?
— The domains do not completely return to random alignment state

* Now if the current direction is reversed, the 1.20FB(T)
external magnetic field direction is reversed, 1.00} ¢
causing the total field B to pass 0, and the ol
direction reverses to the opposite side

— Ifthe current is reversed again, the total field B will
increase but never goes through the origin

* This kind of curve whose path does not
retrace themselves and does not go through
the origin is called Hysteresis. f

0.40 0.80 1.20
By (1073 T)
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#\ Example 29 - 9: Power Transmission

Transmission lines. An average of 120kW of electric power is sent to
a small town from a power plant 10km away. The transmission lines
have a total resistance of 0.4Q2. Calculate the power loss if the power
Is transmitted at (a) 240V and (b) 24,000V.

We cannot use P=V/R since we do not know the voltage along the

transmission line. We, however, can use P=I<R.

P 120x10°

(a) If 120kW is sent at 240V, the total currentis | =V " a0 =500A.

Thus the power loss due to the transmission line is
P =12R = (500A)" - (0.4Q) =100kW
| P 120x10°
(b) If 120kW is sent at 24,000V, the total currentis | =5 = =5.0A.

S V. 24x10°
Thus the power loss due to transmission line is
P=1?R=(5A)" -(0.4Q) =10W

The higher the transmission voltage, the smaller the current, causing less loss of energy.
This is why power is transmitted w/ HV, as high as 170kV.



I\ 1444 Test 2 Eq. Sheet
7 | Magnetic field from
\ S =E— |[r| Terminal voltage =y long straight wire

a

R, = Z R F Cﬁ B.d| = 78 <Ampére’s Law
| : in series

= M,, = N,®,, /I
1 B 1 P Vrms IrmsXL 21 2 21/ 1

R 4=R | |inparallel Mutual (M) and self T
- — - (L) Inductance & =-M Zld—tl
F=Il xB dgz,uoldlxr do,
= = Ar  r? e=-N NO,
F = q\_i x B ISi dt L = |

Biot-Savart Law :

7 = NIABsin @ Faraday’s Law Flux
— — ®, =BAcosd=B-A
1= NIA| | Magnetic dipole Solenoid | , .. T

-~ = s _¥Yp _"Vp

U=-uBcosd=—u-B B = z,nl V. N




Review Chapter 26

Terminal voltage

Req = Z R
i
1 1
Req I RI
G
RC circuits 2

capacitor

Resistors
in series

Resistors
in parallel

Gn

Kirchoff’s rules (example)

|
2RC
Time

L
3RC
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20-2 Resistors in Series and in Parallel

A series connection has a single path from the battery, through
each circuit element in turn, then back to the battery.

The current through R, R, R,
each resistor Is the F

same; the voltage drop T 7_’ 7_’
depends on the I 2 3
resistance. The sum of
the voltage drops -
across the resistors (a)

equals the battery

voltage:

o —

V=V, +V,+V, = IR, + IR, + IR;. [series]
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20-2 Resistors in Series and in Parallel

A parallel connection splits the current; the voltage across each
resistor Is the same:

I, Ry
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20-2 Resistors in Series and in Parallel

Conceptual Example 26-3: An illuminating surprise.

A 100-W, 120-V lightbulb and a 60-W, 120-V lightbulb are connected in two
different ways as shown. In each case, which bulb glows more brightly? Ignore
change of filament resistance with current (and temperature).

60 W
VVV VYV 60 W 100 W
AM— MWW —
100 W
- AMW—
120V

120V T

I L

Solution: a.) Each bulb sees the full 120V drop, as they are designed to do, so the 100-
W bulb is brighter. b.) P = V?/R, so at constant voltage the bulb dissipating more power
will have lower resistance. In series, then, the 60-W bulb — whose resistance is higher —
will be brighter. (More of the voltage will drop across it than across the 100-W huylb).
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#%96-2 Resistors in Series and in Parallel

Conceptual Example 26-6: Bulb

brightness in a circuit. The circuit shown

has three identical light bulbs, C
each of resistance R.

(a) When switch S is

closed, how will the brightness of bulbs
A and B compare with

that of bulb C? (b) What happens when
switch S is opened? Use a minimum of B
mathematics in your answers. T

L
Solution: a. When S is closed, the bulbs in parallel have half the
resistance of the series bulb. Therefore, the voltage drop across them is
smaller. Bulbs A and B will be equally bright, but much dimmer than C.
b. With switch S open, no current flows through A, so it is dark. B and C
are now equally bright, and each has half the voltage across it, so C Is
somewhat dimmer than it was with the switch closed, and B is brighter.



'7%‘26-2 Resistors in Series and in Parallel

Example 26-8: Analyzing 1000 100 Q

: : — MWW/
a circuit.(a) How much 00 | fe b
current 1s drawn from the 6.0 Q m 600 270
battery? (b) what is the 100 Smé
current in the 10 Q r=0.50 Q r=0.50 Q

: —MWW—! —WW—|
resistor §=9.0V £=9.0V
a.) Overall resistance is 10.3 Q. 10,00
The current is 9.0 V/10.3 Q = —WW———— Rey3=48Q
0.87 A b.) The voltage across the []  Rep=372 17

: — AMW——

4.8 Q15 0.87*4.8=4.2V, so the
current inthe 10 Q is 5.OQ§ 5.09§
I=VV/R=4.2/10=0.42A r=050Q r=0.50Q
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Using Kirchhoff's Rules

Determine the flow of currents at the junctions.

Write down the current equation based on
Kirchhoff's 15t rule (conservtion of charge) at various
junctions.

Choose closed loops in the circuit

Write down the potential in each interval of the
junctions, keeping the sign properly.

Write down the potential equations for each loop
(conservation of energy).

Solve the equations for unknowns.

16



i\ 26-3 Kirchhoff's Rules

Example 26-9: Using 30 €2 h
Kirchhoff’s rules. (" AN\V\—e
Calculate the currents Gy =
1;, I,, and I in the three

v
branches of the circuit ao—'\/\N\, l.) ’\/\N\,—o—| d
C

In the figure.
I = r — 20 Q
2 80V

L kwv»;

g

Solution: You will have two loop rules and one junction rule (there are
two junctions but they both give the same rule, and only 2 of the 3
possible loop equations are independent). Algebraic manipulation WI||
giveS 1, =-0.87A,1,=26A,and I;=1.7 A.
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A Review Chapter 27

Magnets, magnetic fields
E_II xB Force on current carrying wire due to external field

F=quxB| Forceon moving charge due to external field

- = NIABsin@!| Torque on a current loop

i =NIA Magnetic dipole moment and energy of dipole

—

U=—uBcosfd=—u-B

Hall effect

18



i\ Example 27 - 4
Electron’s path in a uniform magnetic field. An electron

travels at a speed of 2.0x10’m/s in a plane perpendicular to a
0.010-T magnetic field. Describe its path.

V2

What is the formula for the centripetal force? F = ma = mT

Since the magnetic field is perpendicular to the motion F B B
of the electron, the magnitude of the magnetic force is =€V

2
Since the magnetic force provides the centripetal force, B—m V_
we can establish an equation with the two forces F=evb = "

MV~ (9.1x10*kg)-(2.0x10" m/s) 2
Solvingforr > I = — =1.1x10"m
eB (1.6x107°C}-(0.010T)

19



T Conceptual Example 27-10: Velocity selector

j i : B (int
Some electronic devices and experiments Wuto page)

need a beam of charged particles all moving + +/+ + + + +

at nearly the same velocity. This can be _>51 XLX/ i Ll |- XL x |82
achieved using both a uniform electric field g vV | xyx xyx x¥x Xy x
and a uniform magnetic field, arranged so e
they are at right angles to each other. (a)

Particles of charge g pass through slit S, If

the particles enter with different velocities, Fy=qvxB

show how this device “selects™ a particular
velocity, and determine what this velocity is.

FEZQE

Figure 27-21: A velocity selector: if v = E/B, the particles passing through S; make it
through S,. Solution: Only the particles whose velocities are such that the magnetic and
electric forces exactly cancel will pass through both slits. We want gE = qvB, so v =

E/B.
20

COULD I ADD GRAVITY TO THIS PROBLEM?
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" Torque on a Current Loop s

* S0 what would be the magnitude of this

torque?

section of the wire with length 47?
* F.=1aB
* The moment arm of the coil is 6/2

|
— What is the magnitude of the force on the ,/«) ::\a

L 3
B Fi®a

~F
1 Axis
B I o—o.:« I
F;

— So the total torque is the sum of the torques by each of the forces

T=IaBg+IaBg:IabB:

« Where 4=abis the area of the coil

— What is the total net torque if the coil consists of N loops of wire?

7 = NIAB
— If the coil makes an angle 6 w/ the field

21
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e Review Chapter 28

|
B — Lo
27T
F _ Ho 15
| 27 d
@é'dr:ﬂolencl
Ex. 28-4

— Magnetic field from long straight wire

Magnetic force for two parallel wires

Iy

= ~—p
F F

(a)

)

Iy

=
F

(b)

<Ampére’s Law

solenoid

)

—
F

Closed path%%

up of segments of | Area enc losed
length A/ by the path
1
=l dl xF :
dB = > Biot-Savart Law
A 7

22
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28-4 Ampere’s Law

Example 28-6: Field inside and outside a
wire. B

A long straight cylindrical wire conductor
of radius R carries a current | of uniform
current density in the conductor.
Determine the magnetic field due to this
current at (a) points outside the conductor
(r > R) and (b) points inside the conductor
(r <R). Assume that r, the radial distance
from the axis, is much less than the length
of the wire. (c) IfR=2.0mmand | =60
A,whatisBatr=1.0mm, r=2.0 mm,
and r = 3.0 mm?

/
|
|
\

—
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4

Solution: We choose a circular path around =
the wire; if the wire is very long the field / \
will be tangent to the path. /
a. The enclosed current is the total current;
this is the same as a thin wire. B = p,l/2xr.
b. Now only a fraction of the current is
enclosed within the path; if the current
density is uniform the fraction of the current ~ ~~----
enclosed is the fraction of area enclosed:

..o = Ir?/R?. Substituting and integrating

gives B = p,lr/2aR2. i
c. 1 mm is inside the wire and 3 mm is

outside; 2 mm is at the surface (so the two i
results should be the same). Substitution |
givesB=3.0x103Tat 1.0 mm, 6.0 x 103 '

0 r=R r

Tat2.0 mm, and 4.0 x 10T at 3.0 mm. 24




A
Y Example 28 — 2
Suspending a wire with current. A horizontal wire carries
a current 7,=80A DC. A second parallel wire 20cm below it

=20cm

must carry how much current 7, so that it doesn't fall due fof
to the gravity? The lower has a mass of 0.12g per meter et B
of length.

Which direction is the gravitational force? Downward

This force must be balanced by the magnetic force exerted on the wire by
the first wire. F, mg F, 1 L1,

I I | 27 d

_ mg 2zd
Solving for I, |, = =
Holy

27(9.8m/s?)-(0.12x10 °kg ) - (0.20m)

(47107 T -m/A}-(80A)

=15A




i Solenoid Magnetic Field

« Use Ampere’s law to determine the magnetic field inside a long solenoid

Current
out of

O O OO0 OO ® & & paper

- T e
B
Sr————— R i i s s i i _Id
_— 1 1 e
S D ®f® S SR> D ®1I’® D ®\§11:(1;rent
P - — — — — — —Ja paper

*Let’s choose the path abcd, far away from the ends
$B-dl =Bl +[ B-dl+ [ B-dll [ B-dl
a b C d

—The field outside the solenoid is negligible, and the internal field is perpendicular to the
end paths, so these integrals also are 0

= = d _ .
— So the sum becomes: <j>B-d| =j B-dl =BI

C

— Thus Ampere’s law gives us B| = 1, NI

B = Nl
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