
Lecture 28 Guess ions



# HALF - wave planes :

a) with SOME nyazgriars ARE

NATURALLY Birefringence (E.G. quartz ,

CALCITE )
,
OTHER MATERIALS CAN

Acquire Birefringent By some

EXTERNAL INFLUENCE . FOR INSTANCE
,

stress - INDUCED BIREFRINGENCE IS DUE To

PRESSIE Applied To THE faces of A

MATERIAL :

I
Force

;
'
. . - - - -

-try
I '

IF THE Direction of THE Appliers

FORCE DETERMINES THE C - Axis of
-

-

THE BIREFRINGENCE, WHICH FACES CAN you

SEND LIGHT IN>o So THAT THE CUBE ABOVE ACTS

AS A warplane ?



b) How ELSE CAN BIREFRINGENCE BE INDUCED
?

TAKE
,
E.G.

,
A Rock SALT LIKE NaCl :

Cusic :

x
Ax = ay = az

✓ z
"
i.
→
- ÷." ice:

THIS CRYSTAL is
"

cubic
"

IN THE SENSE THAT

IT LOOKS THE SAME VIEWED ALONG THE X
, y , OR Z

DIRECTIONS
,
AND IS THEREfore isotropic (Mx = my = n

z )
the

-

INDEXES of REFRACTION

• DOES THE Ionic NATURE OF THIS SOLID SUGGEST A

METHOD of BREAKING Titis 3D
. Symmetry

?

C) Suppose LIGHT IS INCIDENT ON A GLASS SURFACE

@ BREWSTER 'S ANGLE to THE LIGHT IS S -

POLARIZED :

IN THE S -

polarization :
How SHOULD THE C - axis

•
HALF -
-

of THE WAVE PLATE BE

INCOMING LIGHT

Hwp
ORIENTED To yin"
'''

II:::i:c:

T#tGLASS



INFRARED (IR)
dd) A HALFWAVE PLATE IS DESIGNED To work @ 800mm

.

vio 2
WHAT WILL THE WARPLATE Do To 400hm LIGHT IF THE

]

PLATE IS MADE of A MATERIAL WT THE SAME

Birefringence Dn = he - no @ 400mm a 800am ?

n Me DM
400

= DM
800

go,not
-

Goon- 800mm X

-

QUARTER WAVE PLATESQ2 -
Te)

W/ ITS
up : ÷:c

. . . .
* -

✓ Shown
.

INCOMING
• ACCORDING To THE NOTES

,
THIS WILL PRODUCE A Circularly

polarizes output, But will IT BE RIGHT - OR LEFT - HANDED ?
-

-

ASSUME THAT THE CXis IS THE
"

FAST
"

Axis
,

I - E . Ne e no .

• HINT : DO THE A → B → c.→ D → E ANALYSIS SHOWN IN THE NOTES
.

✓
use xf For Qwp .

O

• How SHOULD
you

onion THE warqpca>E To obtain THE opposite

HANDED - ness ?



" "b) DESCRIBE How To MAKE A CIRCULAR ANALYZER THAT BLOCKS
RIGHT - HANDED LIGHT But TRANSMITS LEFT - HANDED . THE MATERIALS @-

-
-

your DISPOSAL ARE :
u obeys

( MALUS' LAW
✓

• 1 Linear polarizer ( I - E - Polaroid )
• 1 QUARTER WAVE PLATE .

• DOES your SOLUTION ALSO ACT AS A
"

CIRCULAR POLARIZER
"

,
WHICH

TURNS UNPOLARIZED LIGHT INTO circularly - polarizes LIGHT ? WHAT

"

Modification
"

is necessary
?

• CURRENT 3.D . Movie TECHNOLOGY (
"

REAL 3D
"

) uses GLASSES

WHERE EACH LENS IS A CIRCULAR ANALYZER .
ONE LENS

TRANSMITS Rift - HANDED polarization , t THE OTHER Transmits LEFT
-

'

THE Movie PROJECTOR SENDS out Two VIDEOS of opposite circular

POLARIZATION , so EACH EYE SEES A DIFFERENT VIDEO
.

ONE

VIDEO IS RECORDED FROM A LOCATION THAT IS DISPLACED FROM THE

OTHER BY A DISTANCE ROUGHLY EQUAL TO THE SEPARATION of

your Eyes . THIS Achieves A
"

stereoscopic
"

EFFECT , i.e .

THE Illusion of DEPTH .

• OLDER TECHNOLOGIES OPERATED ON THE SAME

PRINCIPLES BUT USED LINEAR INSTEAD or circular POLARIZED

LIGHT. WHAT IS THE PRACTICAL ADVANTAGE of THE REAL 3D

TECHNOLOGY ?



Q3 Optical Activity
-
-

[0 CHIRAL

a) . Explain WHY WATER ( H2O ) is
"

ACHIRAL
"

( AND Titus

No> up > icaccy ACTIVE) EVEN THOUGH THERE is A

REFLECTION WHICH DOES NOT MAP THE MOLECULE ONTO

#upside
ITSELF :

if ft
Down !

mine?
. . . - → . -

E
. . . * a 7

① ⑤ ⑦
/ y

'

⑤ ⑦

• How ARE THE MOLECULES ARRANGED IN THE Liquid PHASE?

7b) • IS DICH LORO METHANE OPTICALLY Ac> ire
.

①
I
④ ' ' 111⑥

• HOW ABOUT DI - CHLORO ETHYLENE? #

• OR THE OTHER% isomers ?

⑧
=

'
④

• How ABOUT HYDROGEN peroxide ( Hzoz ) ?

x E. G
.

z ⑦
XEE

, Oo

µ ④mpcifiers )

①=



ANSWERS

91 a ) T
-

force
%" M" """" ' Press"" w '"

i -

( CUES THE Block IN THE

/ c Direction 11 To THE FORCE ,

( possibly EXPANDING THE Block

-

IN THE Directions I To THE

b) WE CAN use AN Force ) - LIGHT WILL THEN

E Rec fifers To Diseur>
ACT DIFFERENTLY if IT is

POLARIZED 11 To THE FORCE,
THE CRYSTAL :

1. E . THE C - Axis is 11 To THE

force . Since WAR PLATES Hare

Acizoe THEIR C - axis I To THE

÷; /÷÷÷÷÷÷÷÷÷÷÷÷:µ / NORMAL INCIDENCE ) INTO
' l
l V

STATIC E- ANY of THE 4 FACES

Field From
conza.n.is Tie c- axis in

#
CHARGED

\ CAPACITOR ORDER To USE THE SQUEEZED
w/out ,

- Q pullsNate
: W/ E BLOCK AS A WAVE PLATE .

-
-

ions town, CI

of IONS
=p , BREAKING
#÷÷i÷÷÷÷÷÷÷it÷÷÷÷÷: "

""" """
"

! C - axis 11 To static E field !

I



C )
g
p . pocarizg, ouypu> !

no pep ,go, ion of"

ie
i

##
ss

100% Transmission !

d) @ I = Soon- :
* or

-

E. t.Z.IE .
- -

-

× on = I
't

c-

Z i.e . H .
W - P. i. E . 1800 SHIFT in

Xo
Il 4 I COMPONENTS .

@ To = 400mm :

✓
SAME

gang (By
assumption]

DX f
Fomin

, Ty
.

x on = zxtz = I
"

!?
"

}:[ I
"

→ No Effect !
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"

r
:#
-

i 4
"

.

LOOKING

# FROM INCOMING

XL = ¥
,

e )
, ,

Direction :

left-HANDED

To GET Right - HAND circular polarization ,

Ro>ATE WAVEPLATE 900 :
( pqrgo ABOVE

ANALYSIS .
II d L

""" """ s "" " )
1350

WP

I



Qwp
POLAROID ONLY LIGHT THAT WAS

↳) ! L.H.c.is. y
'N'71^-44 I. H -

C - P . REACHES
-

→ vernier't 't -

power power METER !

R.tl -C.P. i
at METERAffiantJ l - / r

E.Hic - P . ¢ '

p

-
→ HORIZONTAL

"

-

C - AXIS
- TRANSMISSION
-

-

Axis
* WHICH HANDEDNESS GOES #
=

To ✓senior t WHICH SINCE THE LAST ELEMENT IN our

Goes To Horizon>ne DEPENDS

÷
.:::÷÷i÷:/ :": ":

's

:c::÷:;
( ne Sho ) . SEE ANALYSIS

p•<are,zqo on>pun (we will GET
IN PART (a) .

# Linear ]
. If INSTEAD WE SWITCH*

THE FASTEST way 70 UNDER - -

STAND THIS STEP IS 70 Run 17 THE ORDER of THE ELEMENTS , i - E .

in reverse
"

,
is

. pupate / pomp.. . → •wp , we w . .. on
DIRECTION of propagation:

A CIRCULAR POLARIZER:-X
-

# Qwp
- POLAROID
3D MOVIE GLASSES : )
- L

-

VERTICAL -

c)
THE USE of 1

a unipolar ' ZED

in:c::: / FF¥⇒÷output !

OF ALLOWING THE Z
-

-

C - AXIS
- TRANSMISSION

VIEWER To TILT AXIS
THEIR HEAD : ALL THAT
#

MANSES IS THE RELATIVE

on.mn..ms:*. :i÷÷÷÷÷÷÷i:*.
C-h &

POLAROID Transmission
However ! if you > in your Hears too

AXIS
,
NOT THEIR ABSOLUTE ORIENTATION .

MUCH , you will confuse your Brain
,

- WHICH IS EXPECTING THE Displacement of THE

IMAGES TO TILT AS WELL !



⑦3 a) THE key IS THAT A subsequent RoIion CAN

-

BRING THE MOLECULE BACK TO ITS ORIGINAL ARRANGEMENT :

→ ,Qr
⑤ ⑦

SINCE LIQUID WATER contains MOLECULES

THAT ARE ALL RA ONLY ORIENTED ( I - E - ROTATED )
,

WE DO NOT CHANGE THE Liquid's physical properties

By Ro7rL Every Molecule By 1800 (OR By AI
ANGLE ABOUT Any Axis ! NOTE

,
THOUGH

,
THAT Reflections

ARE Distinct from Rotations !)
-

b) i
- - - - - OH -

- in

' / ; minor Sym- c>ay
!

I
,

I ① ' 1111⑥ NOT CHIRAL ,
So

/ I

④ -
. .

I not optically Active !

( fMirror Sym-sky !L

PLANE contains

① EIRy planar

o¥
"

ai:
THUS NOI optically

f ENANTIOMERS
y

ACTIVE .

d) o.
J
-

mirror ⑥
→ HOWEVER! Collisions BETWEENµ ← IMAGE # µ
,

molecules Rnpio convert

x ⑦=
⑦ ONE ENANTIOMER TO THE OTHER

,

£
No way To ROTATE SO THAT A SAMPLE of Hzoz

y
mirror IMAGE To coincide LIQUID @ STP is

"

Racemic
"

,
i.e .

W/ ORIGINAL ! CONTAINING AN EQUAL MIXTURE of
-

optically
Hz Oz is cairn ! EACH Enantiomer

,
4 So is not Ac> we !


