SPH 3UI - Day 1

 Introduction and Significant Digits

	time
	

	
	

	
	

	HW
	handout

Read 565-566

	
	


Numbers

Scientific Notation – Powers of  10 are used to move a decimal place.

Ex)1.7*103  vs.  1.08*10-4
(Show them how to use calculators)
How do you take proper measurements?










black marking vs. red markings


Measurements – measure all known digits plus one guess




certain    
    
uncertain







   significant

Significant digits are those with meaning, not just place holders.

100 kids in the hall  - what is the actual range?  vs. 104 kids in the hall – range?

Add/Subtract –
Put bars on uncertain digits




Keep bars on answer



 
Answer should have all certain plus one uncertain




  11






+27.2






  38.2  (  38

Multiply/divide – 
answer should have as many significant digits as number with least

significant digits being operated on.

37.865

*    2.1






79.5165 ( 80.

Infinite significance

37.865






*       2






75.73  (  75.730

Rounding 
1-truncate if next digit is less than 5



2-If next digits are greater than 5, round up (0.51, 0.6, 0.7, 0.5000001)



3-If next digit is 5 only then 
-round up if preceding digit is odd






  
 
-truncate if preceding digit is even



103.8  ( has 4 SD 



103.8  ( rounded to 3 SD  (  104


103.8  ( rounded to 2 SD  (  100.  or 100??


103.8  ( rounded to 1 SD  (  100


125  ( to 2 SD  (  120


115  ( to 2 SD  (  120

Significant Digits

Every scientific measurement is associated with some degree of uncertainty. For example, a pencil was found to be 213.5 mm long.  If the ruler used to measure this is marked in millimeters, the   .5  represents a point between twon lines on the ruler and is therefore only an estimate.  We are really estimating that the pencil is 213.5 mm long.  It could really be anywhere from 213.3 mm to 213.7 mm.  We can’t tell for sure because the instrument we are using to measure it only gives us accuracy to the nearest millimeter.  The pencil is definitely 213. mm long (we can read that much on the instrument) and maybe up to 213.7 mm long.  The 213 is known for sure (certain) and the   .5 in not known for sure (uncertain).  Significant digits are those digits that are certain plus one uncertain digit.  231.5 has 4 significant digits made of three certain digits and one uncertain digit.

Significant digits carry meaning.  Reporting more digits than are significant is implying more knowledge than you have and thus a lie.

Rules for Determining the Number of Significant Digits:

1.  All digits 1-9 are significant.  If they are written they must be true and meaningful.  The only digit that causes problems is 0.  When is 0 a meaningful number (significant) and when is 0 just a place holder (insignificant)

ex.  12.57  (  4 SD

134.567  (  6 SD

7 (  1 SD

2.  All 0’s between two significant digits are significant.  They represent the number 0 not just a place holder 0.

ex.  101.903 ( 6 SD

100.2  (  4 SD

2011  (  4 SD

3.  Any 0 printed to the right of a non-zero digit is significant unless it/they are used merely as place holders.  Usually a decimal is used to indicate significance.

ex.  500.  (  3 SD


500 (  1 SD

4.  Any 0’s to the left of significant digits serving only to locate the decimal place are not significant.

ex.  0.0005  (  1 SD


0.00053  (  2 SD


       0.00050  (  2 SD

1.0050  (  5 SD

Operations and Calculations Involving Significant Digits

1.  Addition & Subtraction

Place bars on uncertain digits.  Carry the bars through the calculation.  Report all unbarred (certain) plus one barred (uncertain) digit.


ex.
64.08



- 4.17



+6.1



66.01  (   66.0  (  66.0

2.  Multiplying & Dividing

The answer must have the same number of significant digits as the value with the least number of significant digits in the question.


ex.
16.4 * 3.8 =   62.32  (  62


ex.  
10 / 3.1  = 3.225806452  (  3

3.  Infinite significance

Numbers with infinite significance do not affect the number of significant digits. (ex.  dozen, 2 groups, 3 times as big – ask yourself, was the number a measurement which has uncertainty ( 3 cm ) or a given number that has infinite certainty ( 3 piles ).  When you count a dozen of something there is no estimating involved.  Either you have a dozen or you don’t.


ex.
101 divided into 3 piles = 33.66666666666666666666  (  33.7

4.  Multiple Operations

Remember order of operations – BEDMAS !  When performing multiple operations carry extra significant digits while doing the calculation but keep track of how many significant digits there should be.  Report the final answer with the proper number of significant digits.

ex.  15.5 * 3.1 + 1.2



or
15.5 *3.1 + 1.2

       3 SD  2 SD =  48




  48.05




  + 1. 2



  +1.2



   49. 2 (  49


  49.25 (  49.2  ☺

Excercises
1.  How many significant digits?  Re-write each example in proper scientific notation.

a)  197


b)  0.6178


c)  0.61780

d)  6.080


e)  0.050


f)  20.

g)  5.0320


h)  0.000200

i)  70.70

j)  25.00


k)  600


l)  789832

2.  Perform the following calculations and express your answer with the correct number of significant digits and in scientific notation.

a)  0.21  +  4.33  +  0.008


b)  134.8  +  2.05  -  13

c)  14.896  -  2.42  +  4.60


d)  0.50/4.12

e)  4.18 * 0.051960



f)  2 * 6.3 – 0.001

g)  (17.04  -  3.135) / 0.25 * (5.0  +  1.10)

h)  (20.01  *  1.021) / 0.0510

j)  120.90g / 12 eggs
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SPH 3UI - Day 2

Graphing etc.

	time
	

	10
	Take up HW

	40
	Notes

	HW
	R+MN   567-571  not trig.

Copy pg 576 Numerical Prefixes

                      Some examples of prefix use

                      SI base units

	
	


Graphing Etc.

Tell me about lines…

Lines (   y  =  m x  +   b

                       slope     y-int



ex.  v = 5t + 20

graph it ( x,y chart









point, slope



what is the velocity after 3 seconds
( graphically?










( mathematically

- do graph overheads

Proportionality 
( if y and x vary in direct relation to each other then y α x




( if one doubles then the other doubles




( if y = 7 then x = ???????  - you don’t know




( x and y are related they are not equal




( y α x  is the same as y = kx




( cars : tires

Problem Solving ( use logic to see if your answer makes sense – both value

                                 and units


ex.  mass of school (  
100,000 g

(1 large person = 100 kg)







100,000 kg







1,000,000 kg







10,000,000,000 kg

Dimensional Analysis – carry units through you calculation

ex.  
d = 120 km

t =  d 
or
t = v

or 
t = d * v


v = 50 km/h

      v      

     d


t = ?



km


km


km*km






km


 hr



hr







hr


km







hr


1


km2






☺


hr


 hr

Conversion Factors (  multiply by 1 - changes the units not the amount


ex.  100 km
*
1000 m
*
1 hr
=
27.7 m


      h


  1 km
        3600s


s

SPH 3UI - Day 3

Work period

	time
	

	
	Work period for significant digits etc.

Introduce Projects for Scientific Investigation Skills and Career Exploration

Read chapter 6

Quiz soon re: significant digits.

	
	

	
	

	
	


SPH 3UI - Day 75,76,77,78,79,80

If Mr. Elliott is Absent days

If Mr. Elliott is absent you are to work through the following projects.  

Absence Day 1 – WHMIS and Safety in the Lab

	
	Re-Learn WHMIS pg 572-573

                                                      Quiz Tomorrow

R+MN Safety – pg 574-575


Absence Day 2,3,4

	
	Career Research Project


Absence Day 5,6

	
	Research Report – on any physics topic of your choice but OK’d by Mr. Elliott




I am trying an experiment with you for the first time this semester…

The goal is to have these days be the lesson plans for the days that I am away.  It will probably only work for days that I know I will be away ahead of time so that I can book a CATC lab.  If these periods have not all been accounted for during the semester then they will be added to the end of the course.  Therefore the due dates for the reports are essentially the last day of classes BEFORE exam review.  !!BUT!!  If you do the reports ahead of time, and can keep yourself busy in class when I am absent, you will essentially have some free periods near the end of this course when all of your other summative projects are due!

Research Report – SPH 3UI

1. This will count as 5% of your mark.

2. Choose a topic that interests you but it must be approved by me.  If you read a book, part of your report can be a book report but the idea is to find something in the book that makes you want to do some research.  The research report is the main part of this project.

3. You must inform me of your project topic by 
Semester 1 - Oct 1.  

Semester 2 – Mar 1.
4. You must hand in:

· Minimum 4 page typed report – with internal references

· Bibliography
5. You may not submit anything that you have used for any other course or credit.
6. There will be NO duplication of project topics.

7. Plagiarism will receive a mark of ZERO.

BOOKS


· Fermat’s Last Theorem, by Simon Singh

· The Carbon Age:  
How Life’s Core Element Has Become Civilization’s Greatest Threat,

 by Eric Roston

· Human:  The Science Behind What Makes Us Unique, by Michael S. Gazzaniga

· 13 Things That Don’t Make Sense:  
The Most Baffling Scientific Mysteries of our Time, 

by Michael Brooks

· A Briefer History of Time, by Stephen Hawking

· Cosmic Imagery:  Key Images in the History of Science, by John D. Barrow

· Einstein’s Mistakes:  The Human Failings of a Genius, by Hans Ohanian

· Reinventing Gravity:  A Physicist Goes Beyond Einstein, by John Moffat

· The Alchemy of Air:  A Jewish Genius, A Doomed Tycoon, 

and the Scientific Discovery That Fed the World, by Thomas Hager

· The Great Equations:  Breakthroughs in Science from Pythagoras to Heisenberg, by Robert P. Crease

· In Search of Time:  The Science of a Curious Dimension, by Dan Falk

· Blasphemy, by Douglas Preston

· The Complete Idiot’s Guide to String Theory, by George Musser

· Quantum Ten:  A Story of Passion, Tragedy, Ambition and Science, by Sheilla Jones

· The Lightness of Being:  Mass, Ether and the Unification of Forces, by Frank Wilczek

· Icarus at the Edge of Time, by Brian Greene

· Why People Believe Weird Things, by Michael Shermer

If you have any other suggestions or questions be sure to clear them with me.

You will receive a 5% (of the 5%) bonus for coming up with other books for me to add to this list.

Career Research Project

Curriculum Expectations:

A2 identify and describe careers related to the fields of science under study, and describe the contributions of scientists, including Canadians, to those fields.

A2.1 identify and describe a variety of careers related to the fields of science under study (e.g., theoretical physicist; communications, networks, and control systems professional; engineer; metallurgist) and the education and training necessary for these careers
A2.2 describe the contributions of scientists including Canadians (e.g., Richard E. Taylor, Leonard T. Bruton, Willard S. Boyle, Martha Salcudean, Harriet Brooks, Louis Slotin), to the fields under study

Your report must:

· Satisfy the above curriculum expectations – please choose one of the scientists listed in A2.2 or you can choose another scientist but it must be approved by Mr. Elliott

· Be typed

· Minimum 1 page

· Include relevant career information such as:

· Education required

· Salary range

· General description of responsibilities and activities performed

· Other??

Evaluation – you will receive a ‘satisfactory’ or ‘unsatisfactory’ for your report.  The report will be counted as, and have the same value as, a lab report. 

·  a ‘satisfactory’ will be entered as an NR
 an ‘unsatisfactory’ will be entered as a ZERO

SPH 3UI - Day 4

Waves

	time
	

	
	

	
	

	HW
	R+MN  6.1  P#1-8

Prep Inv 6.1.1 pg 199

	
	


Waves

What is a wave?  Examples?  Sound, ripples, hand wave

A wave is a means of transmitting energy (not MATTER!) by means of a travelling repetitive disturbance.

Types of Waves

1.  Transverse (  vibration occurs ( to line of rest  (or propagation)


ex.  swing, pendulum, water wave, sine wave


demo pendulum

2.  Longitudinal ( vibration occurs ║ to line of rest  (or propagation)


ex.  springs on cars, sound


demo with spring and mass

3.  Torsional (  object twists around a line of rest


ex.  grocery bag twist, anniversary clock


demo grocery bag

The Pendulum (transverse)





Length – distance from top to middle of mass

Amplitude – the largest horizontal distance the mass moves from rest position (actually a curve but for small amp = straight line)

Cycle – one complete wave or vibration – can start in different places – same position moving same direction

Eg]  you are on a swing with amplitude of 1m, what horizontal distance do you move through in 1 cycle, 3cycles?

Longitudinal Wave










amplitude









  amplitude


Eg]  a bungee cord has a rest postion at a height 30m above the water.  When Mr. E bungeed he just hit the top of the water and sprang back up.

a) What is the amplitude

b) How far does he travel vertically during 2 cycles.

Show video bungee jump.


Frequency – number of cycles per unit time


Period – amount of time for 1 cycle


So


Do sample problem pg 197 #1,2

Lab Expectations!

SPH 3UI - Day 5

Inv. 6.1.1 pg 199

	time
	

	10
	Take up HW

	
	Do lab – skip synthesis (cannot be done until later in the course)


Should find

Amplitude and mass do not affect frequency for small amplitudes.

T α  √length


f α 
      1








√length

Synthesis
(
draw scale diagram with scale of 1 cm = 10 cm





     σ



100









50

h = 1.3 cm ( 13 cm (0.13m

With mass constant and amplitude changing – qualitative


A


B

B has further to go but has a higher average








velocity so time per cycle is the same as A


With amplitude constant and mass changing…

The gravitational potential energy at the top of cycle is turned completely into kinetic energy at the bottom.

KE  = GPE

½ mv2  =  mgh
mass does not matter!

v2  =  √2gh

v  =  1.62 m/s



SPH 3UI - Day 6

Inv. 6.2.1 pg 203

	time
	

	15 
	Quiz on sig dig etc.

	25
	take up HW and talk about lab – 5 graphs, straightening curves

	30
	Inv. 6.2.1 pg 203 analysis a-d only

	HW
	R+MN 6.2  P #1-5


Straightening curves…why?  Because we know how to analyze straight lines!

y







      y





Recognize as y = x2




y α  x2




Re-plot as y vs x2

















x







     x2
how??



x
y
x2

0
0
0


1
1
1


2
4
4


3
9
9



now plot this

y



Recognize as y =  1
      y



y α   1







  x




       x





Re-plot as y  vs  1







x












      1




x







      x

y







      y





Recognize as y = √x




y α  √x





Re-plot as y vs √x


















x







     √x

SPH 3UI - Day 7

Universal Wave Equation

	time
	

	
	Lab due

	
	

	
	Notes – universal wave equation

	HW
	R+MN 6.3 P #1, Q#1,2,4

            6.4 P #1

finish any homework not yet done.


The Universal Wave Equation

How important do you think it is?

Speed
v 
= 
d
but for waves
d = λ (m)  (wavelength)





T



t = T  (s)   (period)

So…



v
=
λ




T

Or…

v
=
1   *
λ




T

But…  

1   =
f



T

So..

Do sample problems pg 210 #1,2,3

Video – demos in sound and waves part 1 #2-3,5

SPH 3UI - Day 8

Waves in Two Dimensions

	time
	

	
	

	
	

	HW
	R+MN  6.5  P#2-5  Q#1-3

             6.6  P#1,2   Q#1-3,5

             Quiz soon


Waves in Two Dimensions

Demo first or notes first – you decide…



Reflection, refraction, diffraction, interference

Reflection – waves bounce off of fixed objects, angle i = angle r




Diffraction – waves passing by a sharp edged obstacle bend around that obstacle






Interference – waves amplitudes add or subtract as the waves pass through each other .  

Demo ( try this pg 221 – emphasize interference and passing through

Constructive Interference – amplitudes add







      (


(
OR





      (


(

Destructive Interference – amplitudes subtract






      (


(

you try…






(



flat on top

Superposition – when two waves collide, the resultant displacement of a particle in the medium is the sum of the displacements from the separate waves.

	Property
	Waves
	Particles

	reflection
	(
	(

	refraction
	(
	(???

	diffraction
	(
	X

	interference
	(
	X
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SPH 3UI - Day 9

Resonance and Standing Waves

	time
	

	
	

	
	Notes 6.7, 6.8, 6.9

	HW
	R+MN 6.7  Q#2

            6.8  P#1-3  Q#1,2

            6.9  P #1

Quiz soon


6.7  Mechanical Resonance
What is resonance?  If your speakers are resonating, what does this mean?  

Resonance – the sympathetic vibration of an object due to a force repeatedly acting on it at it’s natural frequency.

All objects have a natural frequency
(
your dried skull 13-20Hz








(
swing (depends on length – lab?)








(
car (110kph vibration)








(
car stuck in rut – how do you get out?

Mechanical Resonance – resonance as a result of physical contact between objects (as opposed to acoustic resonance which is due to sound waves)

Demo


Video -Demos in Sound and Waves Part 1 #1


Video – Tacoma Narrows

6.8  Standing Waves
If two waves of equal amplitude and wavelength are travelling in opposite directions in the same medium (how do we achieve this??) a standing wave pattern is produced due to interference.  It only appears to be still!! – note the amplitude of the source vs. the amplitude of the interference.

Demo with slinky

Node – the continual destructive interference ( amplitude = 0

Antinode (or loop) – the continual constructive interference ( amplitude = 2!!

Distance between 2 nodes – ½ λ

6.9 – Interference in Two Dimensions
In a two point interference pattern, instead of nodal points, we get nodal lines.

Two point interference







Demo two point interference

See pg 231

Video – Demos in Sound and Waves part 1 # 4-8  (25 min)

SPH 3UI - Day 10

Work period for chapter 6

	time
	

	5
	Take up HW

	
	Finish videos if necessary

	
	Pg 234 #1-23  21



[image: image12.png]Chapter #6 Review

Page 234 Q#5
a)  Which points will have upward motion if both pulses are moving towards the
right?
R
T B L E
l R N i — rope
"
Figure 1
b)  Which points will have downward motion if X moves to the right and Y moves to
the left?
S
A B C - :
| _ T L rope

Figure 1

¢)  Which points would have no motion if the pulses move in opposite directions?

X
A B E
| I | | N | rope

Figure 1




SPH 3UI - Day 11

Sound 7.1 – 7.3

	time
	

	
	

	
	

	
	Notes - sound

	HW
	R+MN  7.1

             7.2 P# 1,2

             7.3 P#1,3,4   Q#6

Test soon??


7.1-7.3  Sound
yell, smash ruler etc – how does energy get to you? Is the air moving? – It’s a wave!

Sound is a wave (longitudinal) so all we know about waves is true.  (v=fλ, resonance, interference etc)

Proof (
echo ( reflection


Cool, calm, clear summer night – can hear people very well on 2nd floor

 (refraction



Send kid into hall around corner – can still hear you ( diffraction

Demo
Tuning fork rotated near ear ( interference

Sound is simply a vibration that the ear is able to hear.  (if a tree falls in a forest and there is no one around to hear it, does it make a sound?)

Sound, like all waves (except light) requires a medium.

Demo – bell jar/ringer

Speed of sound is affected by the medium 

travels faster in more dense medium – boat heard under water, ear to desk-tap

travels faster when air is stretched – how? – higher temp!

In air








oC

Lightning & thunder!

Mach Number 
= 

   speed of object




speed of sound (in that medium)

Sound Transmission – sound originates from a vibrating source causing alternating compressions and rarefactions.




Particles are not transmitted, only the energy is transmitted.
Range of Hearing – average human – 20 Hz( 20,000 Hz


below 20 Hz

( infrasonic


above 20,000 Hz
( ultrasonic

Can anyone hear a TV when there’s no volume?

Demos range of hearing with Audacity.

SPH 3UI - Day 12

 Sound Intensity & the Ear

	time
	

	
	

	
	Activity 7.3.1 pg 244 outside is weather OK

	HW
	R+MN 7.4  P# 2,3,4  Q# 2,3,4

            7.5  Q#1,2

            Ear handout – label, description and function

            Test soon
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Shaking a virus to death is nota new idea.
Arizona State University physicist Kong-
Thon Tsen, who pioneered the practice,
conducted eight peer-reviewed studies in
2006 and 2007 demonstrating that vibrations
canh deactivate a number of viruses. But
Tsen's latest work may have found a way to
destroy HIV, just by hitting the right note.

“In mtich the same way that opera singers
use.sqund waves to shatter glass, laser light
has shown considerable potential for killing
viruses such as the tobacco necrosis virus
and M13 bacteriophages. Like a wineglass, a
virus’'s outer shell—known as a capsid--has
an intrinsic frequency of vibration, Tsen uses
a near-infrared laser to excite the target's
outer shell and spur vibrations powerful
enough to rupture the capsid.

In March 2008, preliminary test'=~

revealed that Tsen's lasers were able to
destroy HIV in test tubes. For people with
AIDS, Tsen'’s antiviral attack could be more
effective and safer than the current drug
cocktails, which have a slew of side effects.
In the next two or three years, Tsen hopes
to test the technology’s effects on HIV in
monkeys, zapping blood outside the body.
«When the blood is channeled outside
the body in dialysis,” Tsen says, “the laser
can be applied to inactivate the HIV, and the
HIV-free blood can be circulated back to the
body,” Blood cells would not be affected.
The findings have yet to be published,
and final FDA approval could be more
than a decade away. Still, Tsen believes
his preliminary tests give hope that this
technigue could ultimately help destroy HIV
and possibly prevent AIDS, Orli Van Mourik






[image: image16.png]seeeait and product photographs by Jim Coit

1997 Di

S Cover

Awards

]

ELWOOD NORRIS WANTS TO MAKE AUDIO
speakers obsolere. He would banish for-
ever that cumbersome arrangement of
woofer, tweeter, and midrange speaker
that only an audiophile could love and
substtute a single speaker the size of an
Oreo cookie.

Norris calls it a HyperSonic Sound
System, and it is no ordinary speaker. In-
stead of a vibrating membrane, it uses a
crystal wafer that can project a beam of

va s 2
S
!s_

sound across a room like a spotlight.
When the beam hits a wall or a ceiling,
it bounces off and creates the impression
that the sound originates at that spot, like
a ventriloquist throwing his voice. To
achieve a stereo effect, two beams can be
trained on opposite sides of a room or
theater. “You can focus each beam on a
point, and that’s where the sound will be
created,” Norris says. Equally important,
he adds, is that his new way of generat-.
ing sound has less distordon over the full
range of human hearing than even the
most expensive speakers and is five to ten
times more efficient, so less power is
needed.

It may almost seem magical, but Nor-
riss sound spotlight relies on a simple ef-
fect first explained 150 years ago by the
physicist Hermann von Helmholtz.
When playing two notes very loudly on
an organ, he notced thar a third nore,
whose frequency was the difference be-
tween the frequencies of the other two
notes, was also produced. Norris’s device
does the same thing, bur in place of the
organ he uses a crystal that produces two
powertul beams of sound so high-pitched
that they are bevond human hearing.
The beams interact in such a Way as to
produce a complicated ultrasonic wave,
of which one component is the difference
in frequency between the two. That

component is all you hear. For example,
to produce a note of H0 hertz—A above
middle C—Norris generates an ultra-
sonic wave containing tones of 200,000
hertz and 200,440 hertz. Only the dif-
ference between the tones—H0 hertz—
is audible.

Norris wasn’t the first to superimpose
ultrasonic beams in this way, but he suc-
ceeded in mixing several signals elec-
tronically and sending them through a

single crystal, which vibrates and sends
out a beam of superimposed ultrasonic
notes. The resulting sound retains a
handy characteristic of ultrasound—it is
direcdonal, which means vou can hear
the sound coming from Norris’s speaker
only if you are standing directly in front
ofit, or it is reflected off a flat surface,
like a theater wall.

Norris, founder and chief technology
officer of American Technology Corpo-
ration in Poway, California, spent four
vears trying to make the idea work. “It
was basically a garage operadon,” he savs.
He produced his first audible sounds
early last year, and he is hoping to bring
a low-fidelity product to market before
the end of 1997.

FINALISTS

ALL'S QUIET

BBN Systems and Technologies’
QuierChip

INNOVATOR: JAMES BARGER

“It’s a very strange feeling to be driving
along and to turn it on,” savs James
Barger of his invendon, the QuietChip.
“Your first reacton is that the car in the
next lane suddenly got louder.” That, of
course, 1s not the case. Rather, the sounds
from your own car—the roar of the en-
gine, the whine of the tres—have almost

PHOTO ILLUSTRATIONS BY STUART BRADFORD

Sound

faded to inaudibilitv. The rest of the
world seems noisier by comparison.
Justas owo water waves will wipe each
other out if the tough of one meets the
crest of the other, two carefully matched
sound waves can cancel one another and
produce near-silence. Barger’s company,
BBN Systems and Technologies of Cam-
bridge, Massachusetss, has for vears been
making “antinoise” systems that do ex-
actly that, but these were intended for the

Navy’s ships and commercial airplanes.
Using the technology to shush the fam-
ily car would have cost $50,000—t00
much even for the luxury car markec.

By 1994, however, electronic circuits
had gotten small enough, Barger realized,
to make an affordable antinoise system.
He and his colleagues worked for two
Vears to squeeze onto 2 single integrated-
circuit chip everything needed to analyze
the noise created by a car, boat. or small
plane, calculate the proper andnoise, and
send a canceling signal to a set of speak-
ers. The result is the two-inch-square
QuietChip.

Last December, Barger tested itin a
Chevrolet Cavalier. Microphones and
other sensors installed in the ngine and
the passenger compartment fed the noise
to the QuietChip, which then fed the ap-
propriate antinoise to the car’s audio
speakers (it works even if the rzdio is on).
BBN Systems and Technologies expects
to start selling the chip to auto compa-
nies someume next vear, With luck, new
cars will become dramadcallv quieter in
a few vears.

BRINGING MUSIC TO THE WEB

MIT’s NetSound

INNOVATOR: MICHAEL CASEY

While building his home page on the
World Wide Web, Michael Casey got

JULY 1997 m DISCOVER




SPH 3UI - Day 13

 Optional - video– Science of Hearing

	time
	

	5
	Take up HW

	
	Video – science of hearing

	
	

	
	


SPH 3UI - Day 14

 7.6 to 7.9

	time
	

	
	Take up HW – talk about balance, hearing loss due to hair breakage (resonance), evolution

	Class

Work
	R+MN  7.6  P#1,2  Q#2

             7.7  P#1,2,3

             7.8  P#1

             Review Inv 7.8.1 pg 261  

             Demo Inv 7.9.1 pg 264 . Show formula  beat freq =   Freq 1 –Freq 2

             7.9  P#1,2,3  Q#5,6

             handout - beats

             handout - the day before genesis

	
	

	
	


Two tuning forks(1st = 312 Hz, 2nd = ?? Hz ( beat freq = 6 Hz ( find possible frequencies of 2nd fork.

Now, a small mass is added to 2nd fork, beat freq is now 3 Hz.  What was the original frequency of the 2nd fork.

Audacity

· Project (  new  (  audio  (  generate tone

· For beats generate two tones – mix and render? But both must be unhighlighted.


[image: image17.png]Section 9.8

interference-

Figure 6

7 Wave X: N = 12mm, A = 5.0 mm
WaveY: A = 14 mm, A= 5.0mm

{e) X+Y .

Two 384-Hz tuning forks are sounded together, and no beats are produced. Then
a metal clip is attached to a prong of one fork, and again the forks are sounded
together. This time a beat frequency of 4 Hz is produced. What is the new
frequency of the fork with the clip?

Solution -
Adding extra mass to a tuning fork reduces the resonant frequency, so the
frequency must bé 384 Hz — 4 Hz = 380 Hz. Thus, the new frequency is 380 Hz.

Beats are used to tune musical instruments, for example, pianos, violins,
and guitars. A note on the instrument is sounded at the same time as a tuning
fork of the desired frequency. The tension in the string is then adjusted until
the beat frequency decreases to zero, at which time the frequencies are
identical. '

As a final example of sound interference, recall the two-source interference
pattern in water in Activity 9.7, Figure 8, page 453. Imagine that the two
sources of periadic circular wavefronts are replaced by two loudspeakers set

NEL

Freqgliencies:
The human ear can only detect
beat frequencies less than 7 Hz.

CAREER CONNECTION

Combine your love of music with
skill as a musical instrument repair
technician or fine craftsperson
building precision instruments.

Communication with Sound 457




3 Theories That Might Blow Up the Big Bang 

Time may not have a beginning—and it might not exist at all.

by Adam Frank 

From the April 2008 issue; published online March 25, 2008 

[image: image18.jpg]


Image courtesy of NASA

For Paul Steinhardt and Neil Turok, the Big Bang ended on a summer day in 1999 in Cambridge, England. Sitting together at a conference they had organized, called “A School on Connecting Fundamental Physics and Cosmology,” the two physicists suddenly hit on the same idea. Maybe science was finally ready to tackle the mystery of what made the Big Bang go bang. And if so, then maybe science could also address one of the deepest questions of all: What came before the Big Bang?

Steinhardt and Turok—working closely with a few like-minded colleagues—have now developed these insights into a thorough alternative to the prevailing, Genesis-like view of cosmology. According to the Big Bang theory, the whole universe emerged during a single moment some 13.7 billion years ago. In the competing theory, our universe generates and regenerates itself in an endless cycle of creation. The latest version of the cyclic model even matches key pieces of observational evidence supporting the older view.

This is the most detailed challenge yet to the 40-year-old orthodoxy of the Big Bang. Some researchers go further and envision a type of infinite time that plays out not just in this universe but in a multiverse—a multitude of universes, each with its own laws of physics and its own life story. Still others seek to revise the very idea of time, rendering the concept of a “beginning” meaningless.

All of these cosmology heretics agree on one thing: The Big Bang no longer defines the limit of how far the human mind can explore.

Big Idea 1: The Incredible Bulk
The latest elaboration of Steinhardt and Turok’s cyclic cosmology, spearheaded by Evgeny Buchbinder of Perimeter Institute for Theoretical Physics in Waterloo, Ontario, was published last December. Yet the impulse behind this work far predates modern theories of the universe. In the fourth century A.D., St. Augustine pondered what the Lord was doing before the first day of Genesis (wryly repeating the exasperated retort that “He was preparing Hell for those who pry too deep”). The question became a scientific one in 1929, when Edwin Hubble determined that the universe was expanding. Extrapolated backward, Hubble’s observation suggested the cosmos was flying apart from an explosive origin, the fabled Big Bang.

In the standard interpretation of the Big Bang, which took shape in the 1960s, the formative event was not an explosion that occurred at some point in space and time—it was an explosion of space and time. In this view, time did not exist beforehand. Even for many researchers in the field, this was a bitter pill to swallow. It is hard to imagine time just starting: How does a universe decide when it is time to pop into existence?

For years, every attempt to understand what happened in that formative moment quickly hit a dead end. In the standard Big Bang model, the universe began in a state of near-infinite density and temperature. At such extremes the known laws of physics break down. To push all the way back to the beginning of time, physicists needed a new theory, one that blended general relativity with quantum mechanics.

The prospects for making sense of the Big Bang began to improve in the 1990s as physicists refined their ideas in string theory, a promising approach for reconciling the relativity and quantum views. Nobody knows yet whether string theory matches up with the real world—the Large Hadron Collider, a particle smasher coming on line later this year, may provide some clues—but it has already inspired stunning ideas about how the universe is constructed. Most notably, current versions of string theory posit seven hidden dimensions of space in addition to the three we experience.

Strange and wonderful things can happen in those extra dimensions: That is what inspired Steinhardt (of Princeton University) and Turok (of Cambridge University) to set up their fateful conference in 1999. “We organized the conference because we both felt that the standard Big Bang model was failing to explain things,” Turok says. “We wanted to bring people together to talk about what string theory could do for cosmology.”

The key concept turned out to be a “brane,” a three-dimensional world embedded in a higher-dimensional space (the term, in the language of string theory, is just short for membrane). “People had just started talking about branes when we set up the conference,” Steinhardt recalls. “Together Neil and I went to a talk where the speaker was describing them as static objects. Afterward we both asked the same question: What happens if the branes can move? What happens if they collide?”

A remarkable picture began to take shape in the two physicists’ minds. A sheet of paper blowing in the wind is a kind of two-dimensional membrane tumbling through our three-dimensional world. For Steinhardt and Turok, our entire universe is just one sheet, or 3-D brane, moving through a four-dimensional background called “the bulk.” Our brane is not the only one; there are others moving through the bulk as well. Just as two sheets of paper could be blown together in a storm, different 3-D branes could collide within the bulk.

The equations of string theory indicated that each 3-D brane would exert powerful forces on others nearby in the bulk. Vast quantities of energy lie bound up in those forces. A collision between two branes could unleash those energies. From the inside, the result would look like a tremendous explosion. Even more intriguing, the theoretical characteristics of that explosion closely matched the observed properties of the Big Bang—including the cosmic microwave background, the afterglow of the universe’s fiercely hot early days. “That was amazing for us because it meant colliding branes could explain one of the key pieces of evidence people use to support the Big Bang,” Steinhardt says.

Three years later came a second epiphany: Steinhardt and Turok found their story did not end after the collision. “We weren’t looking for cycles,” Steinhardt says, “but the model naturally produces them.” After a collision, energy gives rise to matter in the brane worlds. The matter then evolves into the kind of universe we know: galaxies, stars, planets, the works. Space within the branes expands, and at first the distance between the branes (in the bulk) grows too. When the brane worlds expand so much that their space is nearly empty, however, attractive forces between the branes draw the world-sheets together again. A new collision occurs, and a new cycle of creation begins. In this model, each round of existence—each cycle from one collision to the next—stretches about a trillion years. By that reckoning, our universe is still in its infancy, being only 0.1 percent of the way through the current cycle.

The cyclic universe directly solves the problem of before. With an infinity of Big Bangs, time stretches into forever in both directions. “The Big Bang was not the beginning of space and time,” Steinhardt says. “There was a before, and before matters because it leaves an imprint on what happens in the next cycle.”

Not everyone is pleased by this departure from the usual cosmological thinking. Some researchers consider Steinhardt and Turok’s ideas misguided or even dangerous. “I had one well-respected scientist tell me we should stop because we were undermining public confidence in the Big Bang,” Turok says. But part of the appeal of the cyclic universe is that it is not just a beautiful idea—it is a testable one.

The standard model of the early universe predicts that space is full of gravitational waves, ripples in space-time left over from the first instants after the Big Bang. These waves look very different in the cyclic model, and those differences could be measured—as soon as physicists develop an effective gravity-wave detector. “It may take 20 years before we have the technology,” Turok says, “but in principle it can be done. Given the importance of the question, I’d say it’s worth the wait.”

BIG IDEA 2: Time’s Arrow
While the concept of a cyclic universe provides a way to explore the Big Bang’s past, some scientists believe that Steinhardt and Turok have skirted the deeper issue of origins. “The real problem is not the beginning of time but the arrow of time,” says Sean Carroll, a theoretical physicist at Caltech. “Looking for a universe that repeats itself is exactly what you do not want. Cycles still give us a time that flows with a definite direction, and the direction of time is the very thing we need to explain.”

In 2004 Carroll and a graduate student of his, Jennifer Chen, came up with a much different answer (pdf) to the problem of before. In his view, time’s arrow and time’s beginning cannot be treated separately: There is no way to address what came before the Big Bang until we understand why the before precedes the after. Like Steinhardt and Turok, Carroll thinks that finding the answer requires rethinking the full extent of the universe, but Carroll is not satisfied with adding more dimensions. He also wants to add more universes—a whole lot more of them—to show that, in the big picture, time does not flow so much as advance symmetrically backward and forward.

Barbour argues that time is an illusion, with each moment—each “Now”—existing in its own right, complete and whole.

The one-way progression of time, always into the future, is one of the greatest enigmas in physics. The equations governing individual objects do not care about time’s direction. Imagine a movie of two billiard balls colliding; there is no way to say if the movie is being run forward or backward. But if you gather a zillion atoms together in something like a balloon, past and future look very different. Pop the balloon and the air molecules inside quickly fill the entire space; they never race backward to reinflate the balloon.

In any such large group of objects, the system trends toward equilibrium. Physicists use the term entropy to describe how far a system is from equilibrium. The closer it is, the higher its entropy; full equilibrium is, by definition, the maximum value. So the path from low entropy (all the molecules in one corner of the room, unstable) to maximum entropy (the molecules evenly distributed in the room, stable) defines the arrow of time. The route to equilibrium separates before from after. Once you hit equilibrium the arrow of time no longer matters, because change is no longer possible.

“Our universe has been evolving for 13 billion years,” Carroll says, “so it clearly did not start in equilibrium.” Rather, all the matter, energy, space, and even time in the universe must have started in a state of extraordinarily low entropy. That is the only way we could begin with a Big Bang and end up with the wonderfully diverse cosmos of today. Understand how that happened, Carroll argues, and you will understand the bigger process that brought our universe into being.

To demonstrate just how strange our universe is, Carroll considers all the other ways it might have been constructed. Thinking about the range of possibilities, he wonders: “Why did the initial setup of the universe allow cosmic time to have a direction? There are an infinite number of ways the initial universe could have been set up. An overwhelming majority of them have high entropy.” These high-entropy universes would be boring and inert; evolution and change would not be possible. Such a universe could not produce galaxies and stars, and it certainly could not support life.

It is almost as if our universe were fine-tuned to start out far from equilibrium so it could possess an arrow of time. But to a physicist, invoking fine-tuning is akin to saying “a miracle occurred.” For Carroll, the challenge was finding a process that would explain the universe’s low entropy naturally, without any appeal to incredible coincidence or (worse) to a miracle.

Carroll found that process hidden inside one of the strangest and most exciting recent elaborations of the Big Bang theory. In 1984, MIT physicist Alan Guth suggested that the very young universe had gone through a brief period of runaway expansion, which he called “inflation,” and that this expansion had blown up one small corner of an earlier universe into everything we see. In the late 1980s Guth and other physicists, most notably Andrei Linde, now at Stanford, saw that inflation might happen over and over in a process of “eternal inflation.” As a result, pocket universes much like our own might be popping out of the uninflated background all the time. This multitude of universes was called, inevitably, the multiverse.

Carroll found in the multiverse concept a solution to both the direction and the origin of cosmic time. He had been musing over the arrow of time as far back as graduate school in the late 1980s, when he published papers on the feasibility of time travel using known physics. Eternal inflation suggested that it was not enough to think about time in our universe only; he realized he needed to consider it in a much bigger, multiverse context.
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 “We wondered if eternal inflation could work in both directions,” Carroll says. “That means there would be no need for a single Big Bang. Pocket universes would always sprout from the uninflated background. The trick needed to make eternal inflation work was to find a generic starting point: an easy-to-achieve condition that would occur infinitely many times and allow eternal inflation to flow in both directions.”

A full theory of eternal inflation came together in Carroll’s mind in 2004, while he was attending a five-month workshop on cosmology at the University of California at Santa Barbara’s famous Kavli Institute of Theoretical Physics with his student Jennifer Chen. “You go to a place like Kavli and you are away from the normal responsibilities of teaching,” Carroll says. “That gives you time to pull things together.” In those few months, Carroll and Chen worked out a vision of a profligate multiverse without beginnings, endings, or an arrow of time.

“All you need,” Carroll says, with a physicist’s penchant for understatement, “is to start with some empty space, a shard of dark energy, and some patience.” Dark energy—a hidden type of energy embedded in empty space, whose existence is strongly confirmed by recent observations—is crucial because quantum physics says that any energy field will always yield random fluctuations. In Carroll and Chen’s theory, fluctuations in the dark-energy background function as seeds that trigger new rounds of inflation, creating a crop of pocket universes from empty space.

“Some of these pocket universes will collapse into black holes and evaporate, taking themselves out of the picture,” Carroll says. “But others will expand forever. The ones that expand eventually thin out. They become the new empty space from which more inflation can start.” The whole process can happen again and again. Amazingly, the direction of time does not matter in the process. “That is the funny part. You can evolve the little inflating universes in either direction away from your generic starting point,” Carroll says. In the super-far past of our universe, long before the Big Bang, there could have been other Big Bangs for which the arrow of time ran in the opposite direction.

On the grandest scale, the multi​verse is like a foam of interconnected pocket universes, completely symmetric with respect to time. Some universes move forward, but overall, an equal number move backward. With infinite space in infinite universes, there are no bounds on entropy. It can always increase; every universe is born with room (and entropy) to evolve. The Big Bang is just our Big Bang, and it is not unique. The question of before melts away because the multiverse has always existed and always will, evolving but—in a statistical sense—always the same.

After completing his multiverse paper with Chen, Carroll felt a twinge of dismay. “When you finish something like this, it’s bittersweet. The fun with hard problems can be in the chase,” he says. Luckily for him, the chase goes on. “Our paper really expresses a minority viewpoint,” he admits. He is now hard at work on follow-up papers fleshing out the details and bolstering his argument.

BIG IDEA 3: The Nows Have It
In 1999, while Steinhardt and Turok were convening in Cambridge and Carroll was meditating on the meaning of the multiverse, rebel physicist Julian Barbour published The End of Time—a manifesto suggesting that attempts to address what came before the Big Bang were based on a fundamental mistake. There is no need to find a solution to time’s beginning, Barbour insisted, because time does not actually exist.

Back in 1963, a magazine article had changed Barbour’s life. At the time he was just a young physics graduate student heading off for a relaxing trip to the mountains. “I was studying in Germany and had brought an article with me on holiday to the Bavarian Alps,” says Barbour, now 71. “It was about the great physicist Paul Dirac. He was speculating on the nature of time and space in the theory of relativity.” After finishing the article Barbour was left with a question he would never be able to relinquish: What, really, is time? He could not stop thinking about it. He turned around halfway up the mountain and never made it to the top.

Perhaps some universes move forward in time while an equal number move backward; the Big Bang is just our Big Bang.

“I knew that it would take years to understand my question,” Barbour recalls. “There was no way I could have a normal academic career, publishing paper after paper, and really get anywhere.” With bulldog determination he left academic physics and settled in rural England, supporting his family translating Russian scientific journals. Thirty-eight years later, still living in the same house, he has worked out enough answers to rise from obscurity and capture the attention of the world’s physics community.

In the 1970s Barbour began publishing his ideas in respected but slightly unconventional journals, like The British Journal for the Philosophy of Science and Proceedings of the Royal Society A. He continues to issue papers, most recently with his collaborator Edward Anderson (pdf) of the University of Cambridge. Barbour’s arguments are complex, but his core idea remains simplicity itself: There is no time (pdf). “If you try to get your hands on time, it’s always slipping through your fingers,” Barbour says with his disarming English charm. “My feeling is that people can’t get hold of time because it isn’t there at all.”

Isaac Newton thought of time as a river flowing at the same rate everywhere. Albert Einstein unified space and time into a single entity, but he still held on to the concept of time as a measure of change. In Barbour’s view there is no invisible river of time. Instead, he thinks that change merely creates an illusion of time, with each individual moment existing in its own right, complete and whole. He calls these moments “Nows.”

“As we live, we seem to move through a succession of Nows. The question is, what are they?” Barbour asks. His answer: Each Now is an arrangement of everything in the universe. “We have the strong impression that things have definite positions relative to each other. I aim to abstract away everything we cannot see, directly or indirectly, and simply keep this idea of many different things coexisting at once. There are simply the Nows, nothing more and nothing less.”

Barbour’s Nows can be imagined as pages of a novel ripped from the book’s spine and tossed randomly onto the floor. Each page is a separate entity. Arranging the pages in some special order and moving through them step by step makes it seem that a story is unfolding. Even so, no matter how we arrange the sheets, each page is complete and independent. For Barbour, reality is just the physics of these Nows taken together as a whole.

“What really intrigues me is that the totality of all possible Nows has a very special structure,” he says. “You can think of it as a landscape or country. Each point in this country is a Now, and I call the country Platonia,” in reference to Plato’s conception of a deeper reality, “because it is timeless and created by perfect mathematical rules. Platonia is the true arena of the universe.”

In Platonia all possible configurations of the universe, every possible location of every atom, exist simultaneously. There is no past moment that flows into a future moment; the question of what came before the Big Bang never arises because Barbour’s cosmology has no time. The Big Bang is not an event in the distant past; it is just one special place in Platonia.

Our illusion of the past comes because each Now in Platonia contains objects that appear as “records,” in Barbour’s language. “The only evidence you have of last week is your memory—but memory comes from a stable structure of neurons in your brain now. The only evidence we have of the earth’s past are rocks and fossils—but these are just stable structures in the form of an arrangement of minerals we examine in the present. All we have are these records, and we only have them in this Now,” Barbour says. In his theory, some Nows are linked to others in Platonia’s landscape even though they all exist simultaneously. Those links create the appearance of a sequence from past to future, but there is no actual flow of time from one Now to another.

“Think of the integers,” Barbour says. “Every integer exists simul​taneously. But some of the integers are linked in structure, like the set of all primes or the numbers you get from the Fibonacci series.” Yet the number 3 does not occur in the past of the number 5 any more than the Big Bang exists in the past of the year 2008.

These ideas might sound like the stuff of late-night dorm-room conversations, but Barbour has spent four decades hammering them out in the hard language of mathematical physics (pdf). He has blended Platonia with the equations of quantum mechanics to devise a mathematical description of a “changeless” physics. With Irish collaborator Niall Ó Murchadha of the National University of Ireland in Cork, Barbour is continuing to reformulate a time-free version of Einstein’s theory.
So What Really Happened?
For each of the alternatives to the Big Bang, it is easier to demonstrate the appeal of the idea than to prove that it is correct. Steinhardt and Turok’s cyclic cosmology can account for critical pieces of evidence usually cited to support the Big Bang, but the experiments that could put it over the top are decades away. Carroll’s model of the multiverse depends on a speculative interpretation of inflationary cosmology, which is itself only loosely verified.

Barbour stands at the farthest extreme. He has no way to test his concept of Platonia. The power of his ideas rests heavily on the beauty of their formulation and on their capacity to unify physics. “What we are working out now is simple and coherent,” Barbour says, “and because of that I believe it is showing us something fundamental.”

The payoff that Barbour offers is not just a mathematical solution but a philosophical one. In place of all the conflicting notions about the Big Bang and what came before, he offers a way out. He proposes letting go of the past—of the whole idea of the past—and living fully, happily, in the Now.

In one model, each round of existence stretches a trillion years. By that reckoning, our universe is still in its infancy.

SPH 3UI - Day 15

Doppler Effect

	time
	

	
	Take up HW

	
	Notes

	HW
	R+MN  7.10 P#1-4  Q#1

             Chapter 7 review 274-275

	
	


7.10 Doppler Effect
what happens to the frequency as an (ambulance, car, car radio, race car – make the sound of a race car!!!) drives towards and then away from you?  

Doppler Effect – the apparent change in frequency of a sound due to the motion of the source.

Frequency – NOT AMPLITUDE!!
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See pg 268 fig 1 -  copy into notes
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big bang – all galaxies red shifted!
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Vibrating Strings
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             8.2  P#3

             8.3  Q#1


Vibrating Strings

From you experience, how does frequency vary with length, tension diameter and density?









   1
same material as
      2

if  Length ( then frequency (






f α 1  

              L

if Tension (  then frequency ( (remember springs)


f α √T  
T = tension not period

if diameter ( then frequency (
same material, same tension but more mass


f α 1  

              d

if density ( then frequency (
same material, same tension but more mass


f α    1  

              √ ρ

ex.  

A 30 cm string has f = 288 Hz.  How long should that same string be to have 

f = 384 Hz? (think: shorter or longer?!)
f1 = L2 (may need to show them how to get this)
288 =  x
x = 22.5 cm

f2    L1







384    30

ex.

A 440 Hz string has tension = 140 N.  What tension is needed to get 523 Hz?

f1 = √T1 (may need to show them how to get this)
440 = √140
T2 = 198 N

f2    √T2







523    √ T2
Modes of Vibration

Picture a string. What is the simplest vibration it can have?


Fundamental frequency





1st harmonic

More energy


First Overtone







2nd harmonic

More energy


Second Overtone






3rd harmonic

More energy


Third overtone







4th harmonic

Note the nodes in the standing wave pattern produced.

Music Quality, Amplitude and Pitch

Pitch = frequency

Amplitude = loudness

Quality (  variation in the tracing of a sound (complexity) due to overtones on the given frequency.  Each overtone adds a layer of complexity to sound – richer

ex. synthesizers

See tracings pg 278, 285
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Resonance in Air Columns
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8.4 Resonance in Air Columns

Every object has a resonant frequency.  Energy hitting the object at that resonant frequency can cause huge vibrations

ex.  
pushing swing – when do you push


shattering crystal glass with voice

demo tuning forks with amplifiers – acoustic resonance

Closed Air Columns – closed at one end – blow into a beer pop bottle

Reflection occurs at the closed end and standing waves can be produced.  In order to get maximum amplitude the opening must be an antinode.



1st resonance at ¼ λ








+ ½ λ 




2nd resonance at ¾ λ









+ ½ λ



3nd resonance at 5/4 λ








+ ½ λ  etc. etc. etc.








ex.  1st resonant length of a 512 Hz sound source in a closed air column is 16.5 cm.  Find the temperature of the air in the column!!!!


Closed 1st resonant length = ¼ λ = 16.5 cm  so  λ = 66 cm   or 

v =f λ
v = (512)(0.66)  =  337.92 m/s

vs = 332 + 0.6T

337.92 = 332 + 0.6T

T = 9.9oC

Demo closed air/water column.  Let them figure out temperature.

Open Air Columns – open at both ends – to get maximum amplitude each opening must be an antinode


    + ½ λ

   + ½ λ

  + ½ λ
etc. etc. etc


     1st


2nd


3rd


4th 

   
     ½ λ 

2/2 λ


3/2 λ


4/2 λ















ex.  If the air temp is 21oC, what is this fundamental frequency of a 3.6 m organ pipe?

(  3.6 m = ½ λ


λ = 7.2 m

(  vs = 332 + 0.6T

vs = 332 + 0.6(21)
vs =  344.6 m/s

(  v = f λ



344.6 = f (7.2)
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Day 18
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	R+MN  8.5-8.9 – you decide which questions and activities

Chapter 8 review - pg 312 -  #1,2,4,7,8,11-17,25,26

Unit 3 review – pg 316 -   #3,4,5,8,9,10,12,13,16,17,18,21,23,25,28,29,31,38,40,45
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Day 20

	
	

	
	Test chapter 6,7,8

	
	

	
	


0	1	2	3	4	5	6





f = cycles


       time





T = time


       cycles





f = 1	and 	T = 1


     T		       f





v	=	f  *  λ





vs = 332 + 0.6T








v1=f1λ1		v2=f2 λ2	but v1=v2


					same material


so…	f1λ1 =  f2 λ2





	f2 = f1λ1	but λ2 > λ1


		λ2 	so   f2 < f1





λ = 0.66  m





f = 47.9 Hz
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