Transcript of Example Wrap-up Discussion #1

Physics Paradigms Preface, Tuesday, January 10, 2006 (2nd hour, Day 2)

 [00:16:54.17]

Corinne
Okay I picked some people you were A’s, 

I picked some people and you were B’s, 

I picked some people who were C’s, let’s let the B’s be the presenters.  The middle set of nine people. All Right?  

Group Number One.  Everybody gets to give a mini-presentation.  

A mini-presentation [students are still talking to one another] 

You’re not interested in listening to me because...

Have you all figured out who B will be?  

It’s the people who were sitting about here.  The second set of nine.  

It’s real easy, You just come up

Our matrix was, da da da da, Oh 

and you better write down what your matrix is so we can look at it. 

Our matrix was

Our transformed vectors did this or this is what our matrix did

This is what the determinant of the matrix was

And these are the vectors that were not changed

And then I get to harass you with questions.

Okay?  So group number one.

 [00:18:17.20]
So I think somebody, before you start [Student S], 

Somebody was kind enough to put up the untrans

(points to vector graph on blackboard]  The initial graph.  

Does everybody agree that these are what the untransformed vectors looked like?  

We’re going to be comparing to this, in every case.

[camera 1 focused in on the initial vectors]

Okay. Go
[00:18:31.02] 

Student 1:
Our matrix [0,1,-1,0] rotated at ninety degrees, pi over two, clockwise

all the vectors, so none of them stayed the same. 
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Figure  2: Group 1 presenter

And the determinant was one. Because it’s zero minus a negative one [pointing to the diagonal 0,0 and minus off diagonal 1, -1]

Corinne: 
Okay. And all of them rotated.  So nothing was unchanged <yeah>

Okay. A little bit of just notational harassment here.  

You don’t ever say “det equals one” [det = 1 was written on the board]

The determinant is an operator acts on something.

The determinant of A. <but I didn’t have it up here before> 

[student writes A1 = in front of matrix], 

call it A one so the determinant of A one is equal to one 

[students adds A1 in between det and =1].

[00:19:12.27] 
Okay? What I want us to be thinking about is

[00:19:17.13] 
I want us to do some physics the way it’s really done.

A lot of education is sort of about giving you a really polished presentation, 

telling you what it is you should expect

what I want to do is see if

but that is not how people  do physics

people do a lot of different examples 

and then they see if they can find something in common from all those examples

so what I want you to think about is

Can we figure out anything about what the determinant is telling us 

about the matrix?  right? so one of the questions I got yesterday was

you know I’m showing you all these funny operations with matrices, why these?

So does the determinant tell us anything?

So here’s an example where the determinant is one. Okay?  

Let’s just remember that for now

[00:20:10.01]{Student 1 mumbles] Vectors were not stretched

Corinne: 
Your vectors were not stretched.  They were just plain rotated

 by <ninety degrees> ninety degrees <pi over two> pi over two.  Ok. 

Group Two!

[00:20:15.14] [untranscribed mumbled interaction over who was to present]

Corinne: 
[M!]  You’re new to the class

Student 2 
Oh wonderful ! I feel so special. 
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Okay so our matrix was A two 

[points to A2 = [0, -1, 1, 0]

The determinant was one just like their’s and it was a rotation just like their’s

But rotated ninety degrees in the opposite direction 

[moves hand counter clockwise]

And it’s interesting to note that it’s the transpose of their matrix

So maybe that’s why it’s in the opposite direction.

Corinne: 
It is the transpose of their matrix. 

[00:20:48.04] 
So maybe that does have something to do with opposite directions.

Is there any other relationship between that matrix and this matrix?

They are transposes

[Student ?] 
Same determinant

Corinne: 
They have the same determinant

[Student ?] 
Both rotations

Corinne: 
They’re both rotations and they both have the same determinant 

and they’re transposes

[Student A?] 
Trace is the same

Corinne: 
Their trace is the same.

Student 2 
They’re both Hermitian. Oh no, they’re not, because they’re real

Corinne: 
You can take the Hermitian adjoint of a real matrix

[00:21:27.21]

Student 2 
but it’s 

Corinne: 
But it’s just the same as the transpose

Student M
Right

[00:21:32.06] 

Corinne: 
So yes, they’re Hermitian adjoints

Student ?] 
If you multiply them, you get the identity

Corinne: 
If you multiply them, you get the identity.  

Student?
So they’re inverses

Corinne:
So they’re inverses.

 [00:21:41.17] What does that have to do with their being rotations?

[Student ?] 
You rotate it one way, you rotate it back the other way, you get the same thing

Corinne: 
Absolutely, okay.  So what is it that inverses do?

When you take a linear algebra course, you mostly think about matrices 

[00:22:03.17]
Using matrices to solve systems of simultaneous equations.

In physics there’s another use.

Matrices actually transform vectors, they change vectors into other vectors

Okay. One really important kind of transformation are rotations. 

You just take the whole set of vectors and you rotate them

[00:22:18.26] 
Notice that one matrix will rotate all the vectors. All right.

You don’t have to have different transformation matrices for different vectors.

All right. And then inverse, 

the operation of multiplication by an inverse is really undoing the transformation, 

You can do the transformation; you can undo the transformation.  Okay?  Cool.

[00:22:45.14] 
Three. Who’s group three?

Student 3:
So our’s was this thing that’s sort of backwards from the identity.  

It’s got the other diagonal as ones. [0, 1, 1, 0] 

[00:23:03.24]
And what it did was it reflected all the vectors along the line y equals x,  

so [moves hands to illustrate] it’s just a reflection along that line.  

The blue one was already parallel, was along y = x so it remained the same.  

And the determinant is minus one.
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Corinne:  
Okay  Can you write up that the determinant was minus one please <sure>

[00:23:29.28] 
Okay. Did you understand what she meant about reflection?  

Here are the untransformed vectors.  

[points to graph of initial vectors on the front board]. 

There are the transformed vectors 

[points to group three’s graph on the back white board].  

So what’s happening?  This purply one is coming down like this. 

[moves hand to model]

The blue one is staying the same.  

Okay? Everything is taking the line y = x   and just flipping 

as if the line y = x is a mirror.  Is that clear?

Okay?  And this is the matrix that looks like the identity [waves arms] 

except on the off diagonal, for which we don’t have a name.  All right.  

And the determinant was minus one.

So we’ve got two matrices whose determinants are plus one 

and one whose determinant is minus one.  

What happened to the lengths of your vectors?

00:24:17.08]

Student 3: 
{the same}

Corinne: 
The lengths stayed the same.  Okay.  Group four.
[00:24:28.09]

Student 4
All right.  So with our vector we just ran through this with a generic vector 

and we found that it just reverses the y component.
And ah 

Corinne: 
So wait.  First tell us what your matrix is.

Student 4: 
Oh. A four, one, zero, zero, one, or negative one, excuse me  So ah 

It just takes these [looks at graph of vectors on board, 

turns to colleague at front table, seems to question whether right ] 

Is that copied  right?  <The green vector should be pointing down. >  That’s so.  Anyways  [erases vector pointing up y axis and redraws it pointing down y axis]

So it just flips all the vectors over the x axis.

The one that was lying on the x axis obviously remains unchanged 

because it has no y component to reverse.

The determinant of the thing was one.

And as characteristic of all the determinants we have seen to this point

where their magnitude is one, the lengths of the vectors remained the same.
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[00:25:29.07] 

Student at front table: Determinant is negative one

Student 4: 
Negative one, yeah, but the magnitude of the determinant is one

Corinne;  
You said, first of all you said  the determinant was plus one, 

the determinant here is negative one.  Okay.  The determinant is negative one.  The lengths are not changed.  All right. 

And I’m hearing the beginnings of a <hypothesis> a hypothesis 

which says that, say it again

Student 4
If the magnitude of the determinant is one, 

it will leave the lengths of the vectors unchanged.

Corinne: 
Okay.

 [00:25:57.12] Okay.  There’s a hypothesis so let’s start watching whether or not that happens. 

 

Now, we’ve got some determinants plus ones and some determinant minus ones.

Do we see a pattern about the sign of the determinant coming out?

Student 2:  
Reflection versus rotation

Corinne: 
Reflection versus rotation.  State it as a hypothesis.

 [00:26;15.07] 

Student 2:
If the determinant is positive one, then there’s a rotation.  

If the determinant is negative one, there’s a reflection.

Corinne:  
All right.  Group five.

[00:26:27.19]

Student 5:
So this is our matrix [A5 = (-1, 0, 0 –1) 

and the determinant of it was [writes on board] equals one.  

Basically it just rotated all the vectors a hundred and eighty degrees 

leaving their lengths unchanged.

Student ?: 
Which way did it rotate?

Corinne: 
Yeah, which way did it rotate?

Student 5: 
Hundred and eighty degrees
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Student ?: 
Doesn’t matter <laughter>

Corinne: 
Doesn’t matter!  Okay.  All right.  

What kinds of reflections are there in the world?

Student ?:  
Odd and even

Corinne: 
Odd and even reflections.  Yeah

Student ?: 
Line and point

Corinne:  
Line and point.  Okay. So we’ve had some examples of reflections in lines.  

What do you mean by a reflection in a point?

[00:27:34.24] 

Student J:  
You go through a single point (moves arms).  I don’t know how to describe it.  

You put all the points through that point 

(moves arm through point made by finger of other hand )

 however how far away from the point they are.

Corinne: 
That was a description

Student J: 
Okay. It was a muddled one though.

Corinne:  
Say it again.  Say it again with confidence.

Student J: 
You reflect every point on the line through a point 

however far away from that point it is.

Corinne:  
Make any sense?  Okay. So.  Is yours a reflection? or a rotation?

Student 5: 
You can call it a reflection by a point at the origin.

[00:28:18.27] 

Corinne: 
Okay. So if you take the origin as a point of reflection, it’s a reflection.<yeah>  

It’s also a rotation.

 [Student ?] 
I wonder what it would do if the, like if it didn’t go through the origin, 

like if it was offset somehow?

Corinne: 
That’s a fantastic question. 

It turns out that linear transformations, which is what these are, 

are only ever thought of as acting on vectors that start at the origin <okay>

Okay, you take

Because if you just write the vector in terms of its two components, 

what do you mean? <yeah> All right. This is a very important point. 

What do you mean by the two components?  You could start anywhere

[00:29:01.27]
and go, if the vector is two, three, 

you could start someplace that’s not the origin at all 

and go two in the x direction and three in the y direction, 

then if you have one of these operations acting on it, 

well if it’s a rotation it’s going to take this vector 

and put it like way over here somewhere, you know.  All right. 

Linear transformations are always thought of as acting on vectors at the origin.  Okay. They just are.

Okay. So this is a reflection of a point, or it’s a rotation.  

Its determinant is plus one.  Does that fit our hypotheses?  

What were our hypotheses?

[00:29:40.06] 

Student ?: 
The lengths of the vectors should be the same (?) that one

Corinne: 
Are the lengths of your vectors the same?

Student ?:  
(yeah every one)

Corinne: 
and?

Student 2:  
It doesn’t quite fit our hypotheses, 

because I said if a determinant was negative one, it would be a reflection. 

But the determinant was a positive one 

and it could be considered a reflection through a point.

Corinne: 
Okay

Student ?:  
How do we know if it was a reflection or a rotation?

Student 2: 
It’s both

Student? :  
It could be either (so that doesn't prove) your hypothesis is wrong

Student 2: 
Maybe this is talking about reflection across a line 

instead of reflection across a point

Corinne: 
Okay so we’re going to change our hypothesis a little bit

[00:30:16.05]

All right. Yeah  Physicists do this all the time.  You know, like just, 

if there are exceptional cases, then redefine what you meant.  It’s a good strategy.

Okay. What was that five.  

Six!
 [00:30:39.11] 

Student 6: 
Ah our matrix mapped all the lines, all the vectors on to the line y equals x 

because the upper row of the matrix is the same as the lower row of the matrix 

[1, 2, 1, 2]

Corinne: 
Okay. Is that why?

Student 6: 
(pauses while thinking) Yes.


That was a confident yes  (laughs)

Corinne:  
Yes it was.  That was a correct and confident yes.  

And you know what, you can intim, 

sometimes you can intimidate people out of asking how do you know (laughter) 

with a confident yes, but in this case you can’t intimidate me out of asking, 

so why it is that that the top row being the same as the bottom row matters?

Student 6: 
Because the, 

so the vector on the right side has a top component and a bottom component 

and in the multiplication the only difference between finding the top component

and the bottom component, is that you use the top row instead of the bottom row, 

right? So if both rows are the same, then both answers are the same.

[00:31:56.25]

Corinne: 
So I had a question yesterday which is 

why is matrix multiplication this funny rule?  

Why is matrix multiplication this funny rule is because matrix multiplication 

is the rule that tells you how to transform vectors with a something or another.  

All right.  Here was a really nice example, did you see his hands? 

He’s trying to lay the things on top each other,  

saying that what you get for the first component of the transformed vector 

and what you get for the second component of the transformed vector

are the same because the operation does the same thing with both the top row

and the bottom row.  Does that make sense?  I think your explanation was better.

 [00:32:36.10]

Student 6: 
So the determinant is zero, which is characteristic of the system is not, (?) linear 

[he shakes his hand, moves his arms indicating a line] 

Corinne: 
Go ahead.  

Student 6:
Linear algebra was a long time ago so

Corinne: 
Okay for some of the students in the class linear algebra hasn’t even happened yet 

Student 6: 
So the system is linearly dependent, and so it has a determinant of zero <yes>

And the vector that isn’t changed by our matrix is the zero vector.

Corinne:
Is that the only one that’s not changed?  <yeah>

Okay. Are there any ones whose direction is not changed?

Student 6: 
Ah, any vector on the y = x line won't have its direction changed 

unless it was in the opposite direction<okay> 

so I’d say some vectors along the line y=x don’t have their direction changed.

Corinne:  
Okay. Here’s an interesting question.

[00:33:39.29]
If I take a vector like this and I multiply it by minus one, 

have I changed its direction? <no> no.  How many people say no?  

How many people say yes?

How many people say it depends on what you mean by ‘change direction’? <laughter> 
Okay.

00:34:05.07] 
This is something that we can just get into lots of semantic arguments about 

but they’re only semantic arguments.  

Because we’re talking a lot about scalar multiplication, all right, 

and multiplying by a number, minus one is a number, minus two is a number, 

just like one and three and seventeen are numbers, scalar, this is, 

take this vector and multiply it by a scalar, just as multiplying it by two 

would be multiplying it by a scalar, 

if you take a vector and you multiply it by any scalar, 

we will choose to call this in the same direction 

[points to line on board in negative direction] okay, 

the negative direction being the same direction, 

it’s like north and south, you can say north and south are in the same direction 

because you go up and down I-5 to go both north and south. 

All right, you could choose to say that north is a different direction from south, 

and if you’re actually out on the road it really matters whether you’re going north

 or whether you’re going south, okay, 

so it depends on the context when you want to call these the same direction 

or when you want to call them different directions. 

In the context of linear algebra it’s easiest if you call these the same direction. 

All right so your comment 

that anything on the line y = x doesn’t change directions,

[00:35:24.35] none of them change direction, 

if you’ll let the opposite direction be the same direction.

Ooh. That was like, really nasty.  Okay.  Questions?

 [00:35:41.14] All right. So what about our hypotheses?  

The determinant of the matrix is <zero> zero!  

And what happened to the lengths of the vectors?

Student?: 
Some of them changed and some of them didn’t change.

Corinne: 
Yeah, all hell broke loose.  Okay.  

And the determinant was zero so it’s neither a reflection nor a rotation 

which is certainly true.

Student ? ?  
There’s no inverse

Corinne: 
Say more.

Student ? 
There’s no way to get back out of that once you, back to where you started,

 

because you’ve just erased all information pretty much 

that the previous vector array had.

Student?: 
More than one vector can be transformed to the same thing. <yeah>

Student ?: 
so you don’t know which one

Corinne: 
So this is sometimes called a projection.  

Sometimes the word projection is reserved for something a little more technical

than this but I would call this a projection.  It’s like shadows.  You know.  

Once you’ve collapsed everything down onto a line, 

once you’ve collapsed everything down into your shadow, 

lots of things could have the same shadow.

[00:36:45.00] 

TA: 

This whole black line was one, negative one, right? Are you talking about yours? 

Okay.  Is that really a projection though? 
Cause it’s perpendicular to the line it’s being projected on, isn’t it?

Corinne: 
Yeah, so what happened to one, negative one.

Student ?:
 It became negative one, negative one,

Student ?: 
it got rotated.

Student ?: 
it got rotated as opposed to 

Student ?: 
(projection would be zero)

TA: 

I think of projections as shadows

 [Corinne walks from the front of the room toward the back wall where this group’s vectors have been drawn]

Student J: 
Cause it was on the line y equals negative x and then, 

so it’s projection onto the y equals x line is zero <yes> so it got rotated.

Corinne:  
So you’re saying, okay, so here’s the discussion. 

[00:37:38.29]
[moves arm to demonstrate transformation of the vector] 

This arrow is coming down and getting screnched into this one, do I believe that?

Student ?: 
(?)

TA: 

It was initially, I think initially the black arrow was this one 

[gets up and joins Corinne at the board and points to an arrow]

Corinne:  
This one and it got rotated.  So it’s not quite a shadow.  

When I said that projection is often used for a more technical term.  

A real projection is one if you’ve got a matrix A and you multiply it by itself,

if you get A back again, if this operation is the same as this operation 

[pointing at the board], if you really are taking shadows, 

if you take something and you take its shadow, 

and then you take the shadow of the shadow, you sort of do it again, 

you haven’t done, the second time doesn't do anything new, 

this is technically a projection  [writes on board ‘projection’][AA=A]

[00:38:36.23] Sometimes the word projection is loosely used for the things 

that take a two dimensional space, 

all the two dimensional vectors and moosh them down

 into a one dimensional space, it’s a much looser use of this word.  Yeah.

Student ?:  
Is there anything that they can be other than identity in that case  

Corinne: 
Yes. I’ll leave that as an exercise. Find me one that’s not the identity. Okay?

 [00:39:08.05] six!    Seven!
Corinne: 
Read off the components

Student 7: 
One, two, nine, four and the determinant is fourteen.<negative fourteen> 

negative fourteen



It kind of looks like it flipped everything around the purple line 

and then expanded or lengthened the y component 

a lot more than the x component

Corinne: 
What did you say about the purple line?

Student 7: 
It’s kind of like it flipped everything around the purple line

Corinne: 
The order of the colors got reflected <yes> but (pause) but 

the relationship of where the vectors were with respect to each other got changed.

Student ? 
They got kind of squished together

Corinne:
They got squished together and what happened to their lengths?

Student ?; 
They all got longer I think

Corinne: 
They all got longer.  Okay.  So what are we going to do with our hypotheses now?

[00:40:05.04] 

Student?: 
It doesn't violate them

Corinne: 
Doesn’t violate any of our hypotheses.  Do we want to make any new hypotheses?

Student ?:  
The square root of the determinant is the magnitude of the scalar 

for the old vectors

Corinne: 
So the square root of the determinant

Student ?: 
The absolute value

Corinne: 
So the square root of the absolute value of the determinant is the scalar for 

Student ?:  
The scalar by which the old vectors get multiplied

Corinne: 
Okay so these lengths were all changed.  So that’s something we could check

Student : 
They're not consistent

Corinne: 
Okay. Good hypothesis. This is a really nice guess.  

It turns out to not quite be correct in this case.  We can show that it’s not.

[00:41:01,21]
Nevertheless, I can imagine that you know vectors with big numbers in it, 

sorry, matrices with big numbers in it, are going to stretch things a lot. 

Matrices with little numbers in them are going to scrench things down.  

So something about the determinant is , 

so there probably is some hypothesis there but we don't quite have it.  Okay? 

Group eight.  Oh wait.  

Were there any vectors that were not changed by your transformation?  None? 

I don’t believe that.

Student ?:  
Well the purple was just lengthened but not

Corinne: 
Purple was, okay so there was one whose direction was unchanged. 

Okay.   

Group number eight.

 [00:41:44.18]

Student 8: 
Ours was one, one, negative one, one.  All rotated 45 degrees this way 

[moves arm to show clockwise rotation] 
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and multiplied by square root of two for their lengths

Determinant was two [points]

Corinne:  
Okay. So now we’ve got to see the reasons for your hypothesis.  Okay 

So now, all of yours were changed, 

the length was scaled by the square root of two, and the determinant was two and what else happened?

Student 8: 
It rotated forty five degrees clockwise

Corinne: 
Okay, So now, have we got a hypothesis?

[00:42:29.21]

Student ?:  
Um, positive which is what we said makes it rotate, so it did rotate, 

um magnitude is not one and the lengths changed (?)

Corinne: 
Okay. And the lengths really were related to the square root of the determinant

Student ?  
(?)

Corinne: 
Anybody want to

Student ?: 
Seems like the positive determinants, the order of the vectors is still the same, 

like just going around [moves arm in a circle] the order’s the same 

but with the negative determinants, the order’s flipflopped.

Corinne: 
Okay Yeah.  That does seem to be happening

[00:43:13.21]. Okay. Group Number Nine.
Student 9: 
So our transformation just doubled the length of the vectors 

it didn’t rotate or reflect or anything because our matrix is

 just the identity matrix multiplied by two 

and any vector times the identity matrix is just the same vector back,

[00:43:51.13]
 just scale it by two.
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Corinne: 
Okay. So there’s another one where the square root of the determinant 

does tell you how much to scale by.  What are we going to do about that?  

Do you like the square root rule or not?

Student ?: 
The square root rule seems to be valid when the, well I guess that’s not true,

I was going to say it’s valid when the upper right or lower left components

 are zero because that’s just how some (?)  multiplication of the identity matrix (?)

Student?: 
 (?)

[00:44:32.13] 

Corinne: 
Okay 

Student ?: 
(?)

Corinne. 
We probably don’t have enough examples here.  Okay.  One more. 

Number ten.

[00:44:45.01]

Student 10:  
Number ten.  The matrix was one, zero, zero, zero.  The determinant is zero.  

And it projected everything onto the x axis.
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Corinne.  
Okay. So here we've got another zero determinant one.

Student 10: 
All the lengths became either zero or one.

Corinne:  
All the lengths became zero or one.

Students: 
(?)

Corinne: 
Did all the vectors have just an x component of one?

Students (?) 
Except for one which remained zero

Corinne: 
One, three.  Okay. All right. So what do zero determinants do?

Student? : 
Erase information it seems

Corinne: 
Zero determinants seem to erase information.  

They’re taking two dimensional vectors down to one dimensional vectors.  

<?>  What do determinant plus one’s do?

Student ? 
Rotate

Corinne: 
Rotate

Student ?:  
Rotate counter clockwise

Students

Corinne: 
We had two rotations here.

Students:

Corinne: 
Determinant plus ones seem to rotate.  Determinant minus ones

[00:46:02.10]

Student ?: 
Reflect

Corinne: 
Reflect.  What kind of reflection?

Student ?: 
Line

Corinne: 
The line.  

Because there was a determinant of plus one that was a reflection in a point

Students:        

Student A:
(?) minus x

Corinne: 
Did it?

Student A: 
I think so.

(?)

(students overlap)

Student A: 
(so it wouldn't have reflected anyway)

Student: 
But it did though. It’s opposite what it would be or what it was.  

It used to be pointing down and now it’s pointing up

Student A: 
sorry (?) So it is a point. Okay.
Corinne: (?) 
And the size of the determinant seems to have something to do with stretching

[00:46:45.15]  except this matrix over here.  Okay. 

 One of the dangers of making hypotheses

from matrices which are carefully chosen, 

simple ones that have only ones and zeros, 

is that you can miss out on the generic case.  

The generic case is a, most matrices look like this, right?  

This is just some set of random numbers.  Most matrices will look like this.  

We can start to make rules about the ones that are special 

but this generic one seems to be blowing some of our rules but not all of them.

[00:47:23.18]

What we’re going to do over the next couple of days 

is try to see if we can prove things  about various kinds of rules.  All right.

So does determinant zero really project in the looser sense?  

Are determinants plus ones always rotations?  

Are determinant minus ones always reflections?  

When can we know that the square root of the determinant tells us something about stretching?

Corinne: 
Now I’ve been asking you as you’ve been going around 

whether there were any vectors that are not changed by the transformations.  

Have you been paying attention?  Okay?

What about rotations?  Do they have vectors that are not changed?  

What about reflections?  Do they have vectors that are not changed?

Student ?: 
Eigenvectors

Corinne: 
What about eigenvectors?

Student ?: 
They are the eigenvectors, the ones whose directions are unchanged 

by the matrix

Corinne: 
Who has not seen, never heard of eigenvectors? Only a couple of you.  

Then we will introduce it for you.  For those of you who have heard of them, 

eigenvectors of a transformation are just the vectors 

whose directions is not changed by the transformation.  

That’s what an eigenvector is geometrically 

And that’s the idea of an eigenvector that I want you to hold with you 

all the way through the winter term.  

An eigenvector is something that is not changed by the transformation, 

not changed, it might be stretched, but its direction isn’t changed 

as long as we count negative directions as being the same direction,

that’s why we want to do this [pointing to the line on the board which she had

used to talk about the opposite direction being the same direction]. All right?

[00:49:13.17]

Corinne: 
What is the name for how much the eigenvector is stretched?.

Student ?:
Eigenvalue

Corinne: 
The eigenvalue.  So the job for probably Thursday’s class will be, 



if I give you a matrix, you just had a few vectors to check, right?  

If I give you a matrix, how do you find the vectors whose direction is not changed

by the transformation?  

How do you find the eigenvectors and the eigenvalues for a generic matrix?  

How do you find them.

[00:49:45.12]

So it looks like rotation matrices have no eigenvectors.  Do you believe that? 

Those of you who have taken linear algebra, 

a two by two matrix has how many eigenvectors? <two> Two. Always?

Students:

Corinne: 
Sometimes repeating. Could be zero.  

There is some rule about how many eigenvectors.  

Some kinds of two by two matrices always have two eigenvectors.  All right.  Rotation matrices actually do have two eigenvectors.  

They’re both zero or they’re both <complex> they’re both complex.  All right. 

The eigenvectors of rotation matrices are actually complex.  

Oh no!  Which way do they point?  

Students:

Corinne: 
(holds up hands, shakes head) yeah, which is, 

if this is the x axis, what is the i component in this direction? [points horizontally]  

Okay.  Can’t do it with physical arrows in space.  

You can do it in quantum mechanics.  

Which will be one of those things you’ll just have to say with confidence.  

Okay? Good.  We’ll see you tomorrow.

[00:51:08.22] 

