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-"_'f.fk_'A"t_-heo.ry.caIIed “Optiks”
Mechanlcal model

Should |t have been possible?
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Intrms:c propertles -
- “Gunadharma”

| ':f"'.'-"'f'--":'olours,. odours, Rilaes
e - “Gunadharma”
. Should there be a Physics explanatlon’?

* e - - bt
. i "' p o 1 - L
] T e e B s Bl

cﬂw‘

R L e i R




ﬂ.-i_ "-
lllll

e J-fr“-ﬁ"‘ :
ek w. e

- * Heat “flows”
- = |s heat a substance?

5 --“ICount Rumford : kinetic energy of
partlcles



* Boltzmann explains heat as motion
- of Dalton's atoms, relates entropy
-posslble states of the atoms
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Klrchhoffs challenge

~ ...was not really solved till 1924

: Q’uantlzatlon was proposed by
Planck in 1900

Y Photons were proposed by Einstein
|n 1905
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more to come later
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Foundatlon of a grand syn
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To su__:finarlse Quantum physics provided the
fungl‘_ mental tenets bringing a vast variety of
S apparently unrelated phenomena to be explained
_._e two basic forms of dynamics :

= Kinetic energy of quanta
= %Bh'ﬂguratlonal (potential) energy of quanta



ife

=i
]

Daily |

m in

Quantu

e



Before we move on let us
- highlight this synthesis
prowded by the quantum. It is
. not something grudgingly
jé.??="feV'eaIing its queer behaviour
~_ only under a scanner - it is
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around us, in daily life.
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r;cy chemistry; biochemistry

. C_:__'ior . (shielding in atoms and

ig ipproximate equality of light frequencies;
S volutlon of V|S|on)
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I'j'-,.-"..ﬁi',f:;._‘;'}_?ﬁ,:-_a‘oﬁcomotlon ( movement )




SR Varlety of secular and religious
,. ~ philosophical systems posed a
. problem.
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An intellectual struggle
_.,__Nagarjuna in Madhyamika Karika :

i _yw - =~ Does “motion” have reality

independent of that which moves?

= Does the space through which motion
occurs exist befor ethat motion
~occurs?

- _ Can the notion of “state of rest” ( no
~__motion) be valid if its modification -
- (motion ) has not occurred?
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-'-‘. . Perform empirical observation
| - “Tower of Pisa experiment”

. * Proposes th_ought experiments in
- lieu of actual empirical experiment
e - The chess players inside a
S moving ship
- The ball rolling onto a plane
- offering progress:vely less
e '-:frlctlon

i e o il






lises

lewton forma







_-'process is valld’?
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 “Uncertainty” sets in
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~ * We use Euclidean conception of

-~ idealised point as location
* We use Newtonian concept of
~_instantaneous velocity
~* Now we expect both to be workable
. simultaneously
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Ongms of “Uncertainty relation” ¥

_.,_-_[;;__;__;ié"_;f"'f;'iflsehbe rg formulated matrix




| . HIS attempt at reconciling the two gave
~rise to uncertainty principle

- = Wave nature corresponded to non-
- _commutativity
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o P’edlctable and unpredictable

R_=-j__,all however that QM is a predictive

theo'ry
o Both matrlx mechanlcs and wave
o mechanlcs glve first order differential
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Matrlx mechanics for observables
Wave mechanics for for states

ac did the best he could ... a vector
(Hilbert space)... not “waves’



j'__:_No _hl_dden va rlables! !
| Not 'obServer dependent either !1!



Summary: Lessons from Heisenberg

" The idea of a perfectly predictable universe cannot be
true

= There is no such thing as an ideal, objective observer

expectations, find no
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Why quanta are not particles

2 ':. < Many body QM postponed and separated
from single variable QM

' But only in many body systems does QM
= come really to life

.-;"-g"':f"Bosons and Fermions
el Exclusmn principle

of the peculiarities of single
;e QM may well have to do with

sl ok i 4 - G
& S o '.”'9"']' = el
Y Thm e S T e



o




not particles
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S A new plus s:gn

Dirac ampha3|ses that

: ~Revelation of Planck’s constant for the
| first time tells you where the large ends
and the small begins — sets the scale

ZQM reveals a hew_fundamental principle
- absentin the classical world

” f' Pnnc:ple of Linear
Superpos:tlon
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) amazmg fact of QM is that states of
dlfferent momenta can be superposed
i f ';_:._go_btaln a new permissible state

s - Existence of h associates a length
' ;‘ sg_ale W|th a momentum (de Broglle)



o A strong principle like charge
Sy '; conservation enforces superposition
iamong states only of a definite number
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s&é'tes ( Nobel to Glauber 2005) clarified
1that the observed states of radiation are

e ??;f'actually fully Quntum

-~ There are no order h corrections to these
e states

| ‘-J]{gn an engineer adds the values of
rlc. flelds due to two sources, he s

S ¥ "'r ......
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témﬁerature superconductivity
P < QUID Graphene, Quantum dots ...

- *f uantum information storage and
-.;__ajnsmlssmn |

* Ma 'e—ra_n_a -like quaS| -particles in
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