Physics 6H Freshman Sem nar Fal | 2004

Readi ngs:
e Albert - Chapter 1
e Albert - Chapter 2
 Boccio - Superposition A
» Boccio - Mathematics

Summary: This week we w ||

« Extend our know edge about the mathenmatica

| anguage of quantum nechani cs

 Learn about color, hardness and superposition

Everyone Probl ens:

EP- 11 Vectors

EP- 12 More Vectors

EP- 13 Bases

EP- 14 More Vectors

EP- 23 Ei genvectors
EP-25 Multiply Matrices

| ndi vi dual Probl ens:

EP- 15 Brackets

EP-16 Soft State

EP-17 Operators Acting

EP- 18 Ei genvectors

EP- 19 Col or Operat or

EP- 20 Li near Functi onal

EP- 22 Bases and Matrices

EP- 24 Spectral Deconposition
EP-26 Matrix Properties

Pr esent ati ons:

e The Strange Wrld of Col or and Hardness
« Dirac Language
Kets, Bras and Qperators
Ei genval ues and Ei genvectors
Expect ati on Val ues
Proj ection QOperators
Using Matrices Instead
G am Schm dt Process
Functi ons of Operators
Dirac Del ta-Function

Sem nar Break:

Extra Probl ens:

EP-11. Vectors - A vector 3 inches |long points due west.

projection on the axis that points:

(a) due west
(b) due east
(c) due north
(d) straight up
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(e) half-way between straight up and due west
(f) half-way between due east and due north
(g) half-way between straight up and due north.

EP-12. Mbre Vectors - Gven two vectors
A=78 +68 -138, , B=-28 +168 +48

(a) Determine AxB
(b) Determine A-B
(c) Determine a unit vector in the same direction as A

EP-13. Bases - Gven two vectors A=78+68 , B=-28+168 witten in
the {€,6} basis set and given another basis set
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(a) sShow that €& and &, are orthonormal

(b) Draw a diagram showing €&, €, A and B.

(c) Determne the new conponents of A and B in the {€,&} basis set
EP-14. More Vectors - For the points A(3,1,1), B(4,2,0) and (0,4, 3)

answer the follow ng questions where O denotes the origin

(a) Deternmine vectors Q (Ato B), P (B to C) and R (O to A)
(b) What is the distance from A to B?

(c) What is the angle between the vectors Q and P

EP-15. Brackets - Prove that
(VW) = (W|V) (equation (02_37)
EP-16. Soft State - Prove |wﬁ)=|s>=i|g>—i|m)=i(1)
N2 2 V2\-1

EP-17. Operators Acting - Gven two operators

a 1 2 i 4 10 4

= an =
L

and two vectors
3 2
|x>=( ) and |Y>=()
-1 4

Det er m ne (51|X>, (52|X>, (51|Y>, and (52|Y>

EP-18. Ei genvectors - Here is an operator and four vectors

- 9+ (3 @i o= ()



A

Wi ch of the four vectors are eigenvectors of the operator O and what
are their eigenval ues?

EP-19. Color Operator - If we know what an operator does, then we can
construct it. Let us do this for the color operator. We work in the
har dness basi s:

1 0, . A 1 0
|hard>=|h>=(0) and |soft>=|s>=(1) wi t h hardness oper at or Oh:(o 1)

Using this basis, the color states are given by

1 1

|green) =[g) = %(1) and . |magenta) =m) - ﬁ(—ll)

Al we need to renenber in order to construct the col or operator is
how it acts on the color states

cA)c|g> = |g> and éc|rn> = _|m>

Wite out these last two equations treating the four elenents of the
col or operator as unknowns. You should get four equations that allow
you to calculate the four elenments of the color operator. Do you get
the sane operator as in the textbook?

EP-20. Linear Functional - W call |yp) a ket-vector (state) and (y|

its dual vector or bra-vector (state). Technically the dual vector is
a linear functional, that is, a new mathematical object which has the
property of turning ket-vectors into nunbers (conplex). An
"operational” way to define the |inear functional or bra-vector is as
fol | ows.

In a 2-dinensional vector space, if |p)=all)+a|2), where (1),/2)) forman

orthonornal basis, then (y|=a(1+a,2]. It then acts on a ket-vector to
2 2

produce a scalar. Show that (yl|y)=la| +[a,|.

EP-22. Bases and Matrices - Suppose we have an orthonornmal set of
basi s vectors [1),/2), and |3)

(a) Express the orthonormality using scalar products between the
basi s vectors.

Suppose we have sone oper ator G with the foll ow ng properties
wWith respect to this basis set

G1)=21)-42) +73)
G2)--21)+33)
G|3)=111) + 22) - §3)

(b) Wite out the matrix representing the operator G in the ﬂDJZMB»
basi s.



EP-23. Ei genvectors - Find the eigenval ues and ei genvectors of the
oper at or
~ (0 2
O=
2 o

EP-24. Spectral Deconposition - Suppose an operator K has the
foll ow ng ei genvectors and ei genval ues

K|1) = 2/1)
K|2)=32)
K|3) = -6|3)

A

(a) Wite an expression for K in ternms of its eigenval ues and
ei genvectors (projection operators). Use this expression to
derive the matrix representing K in the {1),2)[3)} basis.

(b) What is the expectation val ue of K in the state

1
@) = g (-3 +52)+ 73)

EP-25. Multiply Matrices
(a) Multiply the two matrices

(1 5 4 (6
A=L7 2 w , é=L5 5 —J
9 2 3 3 5 1

(b) Determ ne the conmutat or [A,é

—_—

EP-26. Matrix Properties

~ /0 1 N 1 2
B= C=
10 2 1
(a) Show t hat C=1+2B

2
(b) Show t hat [é,é]=o
(c) Find the eig

A

envectors and ei genvalues of B and C



