tuning .)( As shown in the Figure, the height of an air column in
for a particular pipe is adjusted by changing the water level
[ reservoir jn the pipe. In a traditional experiment, a tuning fork is
placed over the pipe, and the height of the air column is
ad justed, by moving a reservoir of water up and down,
until the pipe makes a loud sound, which is when the

pipe’s fundamental frequency matches the frequency of
the tuning fork. If the speed of sound is s, and an

air column of 22.4 cm produces the loudest sound, what is-the frequency
of the tuning ToTk?
ny
I, = ,wheren=1, 2, 3, ...
2L
Swam.l \ - I— vheren=1, 3, 5, ...
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This tube is ... 1 opened 2 closed



A particular pipe that is open at both ends has a fundamental frequency
of 442 Hz. When it, and a second pipe, have their fundamental frequencies
excited simultaneously, a beat frequency of 8 Hz is observed.

What is the ratio of the length of the first pipe to that of the second

pipe if the second pipe is

(a) also open at both ends, and (b) closed at one end.

. nv
f =—,wheren=1,2,3, ...
2L

Jn

ny .
f,=—,wheren=1,3,5, ...
4L



A particular pipe that is open at both ends has a fundamental frequency
of 442 Hz. When it, and a second pipe, have their fundamental frequencies
excited simultaneously, a beat frequency of 8 Hz is observed.

What is the ratio of the length of the first pipe to that of the second

pipe if the second pipe is

(a) also open at both ends, and (b) closed at one end.
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- - 'S

R Y il B As shown in the Figure, a string passing over a pulley
P *‘.. supports the weight of 23 N block that hangs from the

- AL string. The other end of the string is fixed to a wall. The
l, 2% v string has a mass per unit length of 73 grams per meter.
The part of the string between the wall and the pulley is observed to
oscillate with a fundamental frequency of 44 Hz. (a) What is the speed of
waves on the stmﬂ}?ance, L, from the wall to the
pulley? (c) If the weight hanging from the strmg is doubled, what will be
the fundamental frequency of the part of the S;tvl}'g between the wall and

o DN - S

- A
./M‘ L : - 4 7 f"_ZL wheren=1,2, 3, ...

\, A 2.‘ T %.. ve i) f,,»% wheren=1, 3,5, ...
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A particular guitar string has a length of 75
cm, and a mass per unit length of 80 grams/
meter. You hear a pure tone of 1320 Hz when a
particular standing wave, represented by the
sequence of images shown in the Figure, is
excited on the string. (a) What is the wavelength
of this standing wave? (b) What is the speed of
waves on this string? (¢) What is the tension in
the string? (d) What is the fundamental

frequency of this string?



A particular guitar string has a length of 7S em, and a
mass per unit length of 80 _srams/meter. You hear a pure
tone of 1320 Hz when a particular standing wave,
represente y the sequence of images shown in the
Figure, is excited on the string. (a) What is the a
wavelength of this standing wave? (b) What is the speed of
waves on this string? (¢) What is the tension in the string?
(d) What is the fundamental frequency of this string2
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Magnetic field lines are continuous loops.

Magnetic field line NEVER can go away to infinity,
they can only make loops!

Magnetic

D
L \)\

—_——— (b) (c)

The direction of the magnetic field can be measured
(found) by the compass a (small magnetic needle on
a pivot).

Magnetic field points in the direction of the force
experienced by a north pole (it points from S to N
inside the magnet!).




A moving charge in a uniform magnetic field

o V.L / A charge q 1s moving. at the velocity v in the
E magnetic field B

The charge experiences a force F acting on 1t.

The force has 1ts magnitude and direction, which have to be
found independently from each other!

The magnitude of | g = |7 |= |4.v-B-sin(@)|= |g|-|v|-| B|-|sin (@)
the force:

The magnitude of the force 1s the same for positive and
tive ch ! —
negative charges IF| = |q|Bv,




The magnetic force always remains
perpendicular to the velocity and is
directed toward the center of the
circular path.

2
v
V
2
F=m’
r

— B (into paper)

X xX
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| X / 4—L|E
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An electron in an electromagnetic field

V _ constl Fmagnetic - - Felectric

The forces have to have the same magnitude and opposite direction!

‘Fmagnetic‘ - ‘Felectricl

levBsin(90°)| = |eE|

E=vB| ()

X
X
X X %
X

The answer does not depend
on the value of the charge!

For the electron the electric field has the direction opposite to the
force (because F = ¢k, and ¢ <0).



The force on a current-carrying wire

| F|=ILB|sin@
The right-hand rule!




Find the net force on the wire shown in the picture
below if B=0.15 T. Assume the current in the wire to be 5.0 A.

-2

| F|=ILB|sin@| *.

1.0N 2.06N 3.0.12 N 4.0.18 N 5.7??



Find the net force on the wire shown in the picture
below if B=0.15 T. Assume the current in the wire to be 5.0 A.

-2

|F|=ILB|sin@| *-

1.0N 2.06N 3.0.12 N 4.0.18 N 5.7??



The force on a current-carrying loop
A wire loop carries a clockwise current in a uniform magnetic field
directed into the page.

In what direction is the net force on the loop?

The net force is zero X

For ANY shape, as
long as the field is -
uniform.




B LM 2. Mo\ v
©c’

The picture shows
magnetick field B (points
to the left) and a loop

< with a current in it so the
V) //f A area vector A points as
< shown.
© . .
< If we release the loop
from rest, 1in  which
direction is it going to start rotating? S A

T=J[ABsinO N
Tmax — 1AB A

Side View









The magnetic field from a long straight wire

The long straight current-carrying wire, for magnetism, is
analogous to the point charge for electric fields.

The magnetic field a distance r
from a wire with current 7/ is:

.B — /'10]
27y

Hy , the permeability of free space, is:

1, =4rx107 Tm/A
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The net magnetic field

We add the individual fields to find the net field, which is
directed right.

I ¥

B_ :uO T ) ol,=30A
2xr

Bsy B,
4=20A 4 3 ,=20A

B;

R ®L;=10A

Yo B =..

2Ir









é 6_], Two wires carry a current. What

Za a current (21, 31 or etc.) should be
carried by the second wire to make the net magnetic field
at the point P be zero? What should be the direction of

that current?

B .1
27r
1. left
2. right
3. up
4. down
5. Into

6 out




A field in the loop

(1
At the center of the loop | B |: %

(xN for a flat loop
with N turns)




The field from a solenoid

A solenoid is simply a coil of wire with a current going through
it. It's basically a bunch of loops stacked up. Inside the coil,
the field is very uniform (not to mention essentially identical to
the field from a bar magnet).

For a solenoid of length L, current 7, and total number of turns
N, the magnetic field inside the solenoid is given by:

J V¥ ¥ L wmw R
¥ V//ﬂﬁfé’li—ﬂ;—ﬁ-v.\\




For two straight wires:

| F |

(per unit length, i.e. per 1 m)

Wires = charges!

“’0 A "universal”

constant

2T \

L1,

\
x BI, < B, C>c7—Cﬁ

d




B

,4 / / ﬁ',. |F|::u0 11]2L
2w d

If we double the current in the second wire but
increase the distance between the wires four
times, find the change in the force between the

wires.
1.Ff=F; 2.Ff>F,‘ 3.Ff<Ff



Magnetic flux
®, = BAcosl N = A'B;I.j.(qg

-
The more field lines pass through an area, the larger the flux.
(a) , (b) =0 (a) (b) ®zq9p
< m— ®®® o to == 0 ®
= RO® ’hvy - m— @@
A4
Lots of flux. No flux.
a b
0 is the angle ( ) ( )
between the D Qe
field and the - e
“normal” to QDD
the area (1) ﬁ e

Some flux.



Comparing flux
1. the fluxin the loop is positive

2. the flux in the loop is hegative (DB - 54 COSﬂ
Jv

1. there is more flux in the loop on the left
2. there is less flux in the loop on the left

]

i - _—
AV



®, =BAcost Lenz’'s Law

Lenz's Law: A changing magnetic flux induces
a response that tends to oppose the

ange-/E %

JAD/At — € - 1 =€ /R — B — Ad ‘opposite

The change can be made, but the coll or loop
tries to oppose the change while the change is
taking place. This tendency to oppose is why
there is a minus sign in Faraday's Law.

AD AD
g=-N— | el= |[N—

’////f At At

induced







Lenz’s Law example

With the current in the long straight wire, the loop is
parallel to the wire. If the current in the wire is
increasing, in what direction is the induced current in

the loop?

1. The induced current is clockwise.
2. The induced current is counter-clockwise.
3. There is no induced current.

Before After To Oppose




Four options

bef af :
core ter An external B field is in the page and increasing

in its magnitude. The induce B field opposes
changes and opposes the external field and has the
md direction opposite to the external B field.
before after An external B field is in the page and decreasing

in its magnitude. The induce B field opposes
changes and supports the external field and has
the same direction as the external B field.

An external B field is out of the page and
md increasing in 1its magmtude. The induce B field

ext opposes changes and opposes the external field and
has the direction opposite to the external B field.

bt An external B field 1s out of the page and
clore  after decreasing in its magnitude. The induce B field

m opposes changes and supports the external field and
d has the same direction as the external B field.

before after




When a galvanometer is connected as shown in picture

1, the needle deflects to the right. Note that the

galvanometer needle points straight up when no current /ﬂ
passes through the galvanometer, and 1t would deflect to e alfs
the left if we reversed the battery in picture 1. ¢ @

Picture 2 shows a wire with an increasing current in it

and a loop of wire connected to ki &
the galvanometer. pic, 1
? In which direction 1s the needle of the galvanometer

o
o+

V deflected 1n picture 27
I/

1. to the left 2. to the right

pic. 2






Some combinations

(working backwards)

7

e/xt Let’s say we know the direction
B., of the induced current [,4 => we
Q know the direction of the
i induced magnetic field B;,q (as a
nd  current in the loop and the field
1 B BY it
ext .

can lead to the known direction
ind  of the induced field.

B, L .
1 \&Q There are two situations which
1

A). An external magnetic field 1s anti-parallel to the induced one and 1ts
magnitude increases.

B). An external magnetic field i1s parallel to the induced one and 1its
magnitude decreases.



Examples

N
ﬂw:p slope = 0 flux AN
or/ ® N ?\ 200 Man’@@ Time or distance
\ . I o e
~._ Slope < 0 P L _.>1 e =,
\». - P —
time - B
AD time 2,00~
a | AP AD L ! I | ‘

== - - 0.00 500 10.00
it slope > o At

Flux

Q [=3
/

\

+ ] AD

; AD time Ar
tme Y slope < ¢ &

I=¢/R= (—N%) / R ~—slope

I I=£/R=(—N£)/R~—slopc A~ k
At = -
1 2 \Y% Time
J ~—slope = ¢ (
I ~—slope <9 e + Mg e — '
l time - - b

2 @ In the picture 1:
\ p N ‘ Islope A| > |slope B| => |1] > [Ig]
‘ Al B CA .
r . ™ Islope C| > |slope B| => [I| > |I|
- ) — Islope A| = [slope C| => [I4] > |I¢|
) " pic. 1

I4 1s negative and I 1s positive => for the induced B filed: B, 1| B¢



Electric generators P = BAcosd

If a current is passed through the coil, the interaction of the
magnetic field with the current causes the coll to spin —that's

a motor. a2

T~ o ;

-~ .
current current
|EMqux| = N*BA® mtca;lon

If we spin the coil, the
changing flux through the

coll induces a current -
now it's a generator.

light bulb



Maximum generator current

The magnitude of the current is proportional to the slope of
the flux graph, so let’s draw the flux graph.

When is the current
maximum?

When the flux is
Zero |

1.00 Time

® =P, Cos(wt

Flux

0.00

[=-1sin(ot)




Transformers

Both coils are exposed to the same changing flux, so:

AD AV AV,

At N, N,

Energy (or, equivalently, power) has to be conserved, so:

P=AVl, =AV,I,| so , .
~V is proportional to N
N, AV, I,
= o I is inversely proportional to N.
N2 AK’Z [1
I l 10 : 5 turns ratio (Primary : secondary)
— et > Voltage “stepped down” by factor of 2,
primary —t|secondary " "
— Current “stepped up” by factor of 2,

Power in = power out [ideal transformer]



A transformer 1s a device for increasing or decreasing an ac voltage.

1 Switch Aq)

, 2 ———4 Secondary coil |_ p Af
P (Ng turns) I— <
+ g '
Ac generator (\I P(';,'":Lyr:g)" == ot ﬁ
= P ]
— =z Transformer symbol Aq)
- ! ' "
3 Magnetic field lines _
u/ EMP; =—N, 5

\Ironcore AZ—
EMF, _N, v, _N, L v
- - = s __P __ P
BN, 7Y, T
p § §

A transformer that steps up the voltage simultaneously steps down the current, and a transformer that
steps down the voltage steps up the current.

High-voitage
transmission line

Power = [ ;= P . Step-down Step-down
£ | = A o " > : transformer transformer
(substation) >




No right angles!

What now?

Use only the
components
perpendicular to
the rod!

E=Lv B,



L=2m R=0.1 Ohm B=10T‘/..

11
Fhand =380 N l 5!

=0 v=0 Fnet:FhandZSON

t>>0 V= Vierminal = cONst Fooi= 0O
Fhand = Fmagn = IBL => I = Fpno/BL = 80/(10*2) =4 A

>
EMF =1*R =04V EMF = LvB

=> V = Vieminat = EMF/LB = 0.4/(2*10) = 0.02 m/s




lel=1 VLB
2 ..9_ Tat IV
T Vo bl oB
L =

=, rest, has a resistance 2 Ohm, and we will assume the
#* resistance of all other parts of the circuit is negligible. ﬂfz
=

t=0
The Figure shows a conducting bar of 2 m length that can
move without friction on a pair of conducting rails. The
rails are joined at the by a battery of 36 V' emf and a
switch that is initially open. The bar, which is initially at

The whole apparatus is in a uniform magnetic field, i
directed into the page, of magnitude 0.5 7' Find the
magnitude and direction of: (a) the current in the circuit
immediately after the switch is closed, (b) the net force

on the bar immediately after the switch 1s closed.

Fuee ;= 1.L18N  2.19N 3.20N 4.21N 5.?

at t >> 0 (when the terminal velocity is reached)
F..= 1.18N 2.19N 3.20N 4.21N 5.7

v=1.18m/s 2.36m/s 3.72m/s 4.?



Periodic waves consist of cycles or patterns that are produced over and
over again by the source.

In the figures, every segment of the slinky vibrates in simple harmonic
motion, provided the end of the slinky is moved in simple harmonic

motion.
Transverse Waves Longitudinal Waves
%Z/mwmmmwmmwmwmmmwmw WAV

@ Compressed region

(a)

%“l

7
%g

A\ ?\N\47\£7\z/WWNNNMW\;\MM}W\t/W\}\MM

Stretched region  Compressed region

%/ ZINWIY ANVVVVVIIIAARRA AN

4 | (c)

2



Wave Speed Versus Particle Speed

Is the speed of a transverse wave on a string the same as the speed at
which a particle on the string moves?

-~
-

1. ye
2. N0

<

3. it depends on
the nature of the

wave

8,,> Au
\vparticle

T String particle

Uwave

Undisturbed
position of string




Periodic Waves a mathematical abstract
an actual wave

Vertical 1..‘
position
Vertical Wavelength = A of one
position - point on
of the the
Shinky Slinky
]
\ 1
'
Undisturbed
position
(a) At a particular time (@ snapshot, a (b) At a particular location (@ graph)

photograph)
In the drawing, one cycle is shaded in color.

The amplitude A is the maximum excursion of a particle of the medium from
the particles undisturbed position.

The wavelength is the horizontal length of one cycle of the wave.
The period is the time required for one complete cycle. f — l
A

The frequency is related to the period and has units of Hz, or s.

If a certain point on a wave makes 30 oscillations in 1 minute, what are T and f?
1.0 2.05 3.1 4.1.5 5.2 6. 2.5 7.3
What distance does a single point on the wave travel if the amplitude is 1 mm?
1.30 2.60 3.90 4.120 5.150 6.180 7.210




Our equation describing a transverse wave moving in one
dimension is: y(x,t) = Asin(@t — kx)
—>

Sometimes a cosine is appropriate, rather than a sine.

The above equation works if the wave is traveling in the
positive x-direction. If it goes in the negative x-direction, we

use: .
v(x,t) = Asin(wt + kx)
27 —
k="
A SIN or COS — does it affect the direction

of the propagation? 1.Yes 2.No



y(x,8) = (0.9 cm)sin[(s.o st - (u_m—l)x]

1) The aMis whatever i iplying the sine.

A=09cm

2) The Is whatever is multiplying the x:
k=1.2 m'. The wavelength is: 27z
=2 150m
Tk
3)
The angular frequency w is whatever is multiplying the t.

w = 5.0 rad/s. The frequency is:

f= = (.80 Hz
27z




Sound Intensity

s_Pi_Euf
A4 A
Sound source at

center of sphere For a whole sphere:
power of sound source

" the same
everywhere

area of sphere

P PAt
E, =1,At = At =—— At =
A4 4 or? 4 7




For a 1000 Hz tone, the smallest sound intensity that

the human ear can detect is about 1x10-2W/m=2. This
intensity is called the threshold of hearing.

On the other extreme, continuous exposure to
intensities greater than 1 W/m?2 can be painful.

The decibel scale

&

(10 dB)log,,

0

where [ is the intensity in W/m?

I,=1 x 1012 W/m?



Vave front Wave front Gener_al c:ase!
Only 4 situations!!

Source Observer
. Follow the Vsre10 = AsreroSsrero I
wave
fronts!! Vsreio = Vs T Vorac

v
M
1 v,
fW=f51_£ ;o 117
+V liVO / ? Yo
~Vs Ty fo=fs— +vy TV
s Ty 'y ~vo 113
Resting

observer. General case! Resting source.




When more than one wave is traveling in a
medium the waves simply add.

The principle of superposition:

the net displacement of any point in the
medium is the sum of the displacements at
that point due to each wave individually.

yl(xat)_l_yz(xat) — yactua[(-xat)



— 4
< 5 o -y
Cdl>

my W A

The intensity of the sound oscillates from maximum to zero
and back again continually. The closer the waves are Iin
frequency, the slower the cycle of rising and falling intensity.

The frequency of the rising and falling is known as the beat

frequency, which equals the difference i cy between

the two waves.

/

Mpeat = |0)1 — 0)2|
or
fbeat |fl - f2|

|Tbeat =2n/ Wheat |

Wave 1

T

Wave 2

L



P amEn =N o The string fixed at both ends (or the tlexible rod
TS~ - -

~_ — _—— — with free ends; or the pipe open at both ends) of

(b) the second harmonic the length L haS:

TNNAT L NZ T v

\_/~__~ ===""= The fundamental (lowest) frequency: /1 =57

(c) the third harmonic

(c) the third harmonic The fundamental (longest) wavelength: A, = 2L
AVavaPISISTS sy anelenedh
AV A The harmonics: /» “57 MW=2LMm n=23, ..

b) the second harmonic

a pipe open at both ends
(a) the fundamental ) ) .
The string fixed at one end (or the flexible rod with one
> free end; or the pipe open at one end only) of the length
L has:

(b) the third harmonic 1%

><> The fundamental (lowest) frequency: /1= AL

The fundamental (longest) wavelength: A, = 4L

(¢) the fifth harmonic

ny

The harmonics: /» ~aL A, =4L/n n=3,5,7,...

a pipe closed at one end



