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E-j -

2 (5) = n(v) -O

for V being a homogeneous function of
th

depee .

a E =(F) = <5) + <) -@

We have that

[T) = &(E - (5))

= E③(5) =

similys
(v) = E -

Me degree of homogenedy
.



C · Calculati this expectation value
of it for a D . H. O . in the wh
excited state.

For a 0.0 . V(n) =+kar-S
=> V is homogenous with ingree

2.

Now
, Er = u+1) tw -6

. From we have

[ (2)=+z)h
-
(k = mw

?)=> (2
=in a

1113 <= 2m (57 =
>m ·(2) (othto



=> <8% = (v+1) itwG

Note liat inice() = <P) =0
in all state we have

Aba=
An=

: in lim with excited state .

AuAp=).
w

= (v) to >h
2

=> H. U .P . salified.
since

V= O
,

1
,
L :



Does live V .T. really work? Let's
calculate<32 explicitly

Now
, == (ii)
= 3= +a) -
&=

=
=
=[=+ +2 --]-

[r(2/v] >0
Cusing[_ ,2) = 1)

=(v) +<
+2(v(+ (x) - 1)



= <riv) (f)- 1)
& usingta

= (+ 12) -
which agrees with

Hence
,

V .T. is verified in thing

case

Other examples in assignment.



Hellman-Feynman Theorem
-

Consider a system with a Harrittonian

depending on a parameter X.
M

H = (X)
eg.
x + e,

m
,
h,

(family of problems (
C
,ki

=> The eigenvalues & eijenstatis der-

-

salamati.depend on the
it Fe(x) (*) = E(x)(5)-

&

If
E(x) =[E/F(x)(Ex) where1433=1
then -⑯
/

+ (E((x)(
+ [E1E]



= (x) + (E) EN
+ [EEs) crit

= E(A)(E)Es
+ CEEx)
- [Ex*x]L
-

-

:
This is calledtie Helhman-Eeyrman There



Variational Principle & Variation Theorem
-

normalized
-- inLet IE7 be an artilay a
state

the Hilbert the systemo
-

upace 1

described M Lamiltonian Hby
--

Then , the IE)byenergy
estimated

to theprovides an upper bound
Feground stateexact energy of

t CIlE) 1 Eo-O

Proof-
1%) = En 18n) -⑪Let

Then, IF) = [u) <-
En EK -

·han SomIn2 = Omn-G



Then · CIIFIX - Eo

=<E 177-E01/E]

=[*-
En

= EknR (En-Eo) Omn
= Sin (En-E) -e

Eachlim in the sum is

greater them or equal to 0.

8 <EIMIET-E20
or <EFIE)] Er

-6
Hence Moved.


