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\C an yo u see a ir?" O n e im m ed iate reaction to th is q u es-
tio n is \ N o , air is tra n sp aren t". T h is is a q u ick a n d
sn a p p y an sw er th a t a p p ears to settle th e m atter, b u t a s

w e w ill see, it d o es n ot en d th e sto ry. T h ere's a lo t m ore
to b e learn ed b y ch asin g th e q u estion w h ere it go es th an
b y ju st an sw erin g it. T h is q u estion w as recen tly b ro u gh t
u p b y N av in , a stu d en t of B eth a n y E lem en tary S ch o o l
in P lan o , T ex as, U S A . H e fou n d o n th e n et a referen ce

to a lectu re b y C V R am an in w h ich is d escrib ed an
ex p erim en t to \see" air. H ere is a b rief p assa ge from
th e lectu re: \It is a n ex p erim en t w h ich ev ery stu d en t of
scien ce o u gh t to h av e seen . Y o u ta ke a g la ss b o ttle, a
° ask a n d a cork an d g et a ll th e d u st ou t of it a n d sen d

a b eam of ligh t, it m ay b e su n ligh t, it m ay b e an y th in g
else b u t see th a t th e b eam o f th e ligh t go es th ro u gh th e
air. Y o u can see th e a ir. T h e a ir is n o t su ch a tran sp a r-
en t, colou rless g as; it is n ot in v isib le. Y ou ca n m a ke a ir
v isib le b y m ean s o f th is scattered ligh t. T h is is a v ery

sim p le ex p erim en t an d ou g h t to b e seen b y every stu d en t
of scien ce at least o n ce in h is life tim e." R am an 's lectu re
is in sp irin g in itself. A lth o u gh it is titled \ W h y is th e sk y
b lu e?" , th e lectu re is really ab ou t th e sp irit o f S cien ce.
F ar fro m th e slot m a ch in e sty le q u estion -a n sw er form at
th at is em p h asized b y ou r ex a m in ation sy stem , th e tru e

sp irit of S cien ce lies in a sk in g q u estio n s a n d q u estion in g
an sw ers, ra th er th an ju st an sw erin g q u estion s!

T h is a rticle is p ro m p ted b y N av in 's q u estio n an d ou r

ow n attem p ts to an sw er it. \ C an yo u see air?" A n oth er
an sw er to th e q u estion cou ld b e \Y es, yo u are s̀eein g air'
every tim e you lo ok u p at th e b lu e sk y ". L igh t b̀ ou n ces
o® ' th e atm osp h ere an d rea ch es ou r eyes. B lu e ligh t
b o u n ces b etter a n d th a t is w h y th e sk y is b lu e. T h is

in d eed is on e of th e p o in ts m a d e in R am an 's lectu re.
O n th e M o o n , w h ere th ere is n o air, th e sk y lo o k s b lack
as y ou can see d u rin g a T V b road ca st of a M o o n lan d in g .
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S o n ow , w e see th at a n eq u ally valid an sw er to N av in 's

q u estio n is \Y es!" . S o w h ere d o es th e tru th lie? Is a ir
tran sp aren t or v isib le?

L et's ask a slig h tly d i® eren t q u estion : C an y ou d ev ise

an ex p erim en t to see air in a lab orato ry ? W e h av e all
seen a ir sh im m erin g on a su m m er's d ay ju st ab ove a h ot
tar road . T h is e® ect also ap p ears ab ov e a ligh ted stov e.
B u t w h a t w e are seein g h ere is n ot a ir b u t th e refra ctive
in d ex ch an ges in it ca u sed b y h ea tin g . T h e q u estion

rem a in s: C an yo u d ev ise an ex p erim en t to see air?

W e w an ted to ex p lo re th is q u estio n a fresh . H ere is an ac-
cou n t of ou r attem p ts a t seein g air. (P erh ap s w e sh ou ld
say \striv in g after w in d "!) W h a t d o es it m ean \ to see

air"? A ir is co m p osed o f m an y co m p on en ts: g ases in
m olecu lar fo rm like n itrogen an d ox y gen as w ell as d u st
an d p o llen . T h ere a re p articles w ith a ran g e of sizes from
m icron s to 1 0 n an o m etres. M o lecu les are, o f cou rse, to o
sm all to see, b u t th ey d o in teract w ith ligh t a n d scatter

it. L arger p a rticles scatter lig h t m ore e® ectively th an
sm aller on es. L et u s su p p ose th at w e w ish to see ligh t
b o u n cin g o® th e g as m o lecu les in air. H ow w ou ld w e
sep ara te th is e® ect fro m th e ligh t b o u n cin g o ® d u st p a r-
ticles? W e fou n d th is very d i± cu lt a n d d id n o t ¯ n ally

su cceed in seein g th e m o lecu lar com p o n en t o f a ir. H ow -
ever in th e p ro cess, w e learn ed a lot ab ou t th e in terac-
tio n of lig h t w ith m a tter. W e h op e th a t th e read ers w ill
also b en e¯ t fro m o u r e® orts an d b e en th u sed to p u rsu e
th e m atter for th em selv es.

H o w w o u ld R a m a n h a v e g o n e a bo u t it? : O u r
gu ess is th at R a m a n u sed su n ligh t re° ected b y a m irror
in to a d ark en ed ro o m . T h e m irror w o u ld b e m ou n ted
on a H eliosta t track in g th e S u n . T h e ligh t en terin g th e

d ark en ed ro om w ou ld h ave b een co llim ated b y len ses
an d p a ssed th ro u gh a d ark ch am b er w ith o p en in gs for
ligh t to en ter a n d leave a n d a th ird op en in g for th e eye
of th e ex p erim en ter. A fter gettin g u sed to th e d ark , th e

We wanted to explore

this question afresh.

Here is an account of

our attempts at seeing

air. (Perhaps we

should say “striving

after wind”!) What

does it mean “to see

air”?
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eye is ca p ab le o f d etectin g very fain t lig h t an d w e g u ess

th is is h ow it m ay h ave b een d o n e. R am an w ou ld h ave
tried to m ake a ° ask or b ottle d u st free an d kep t th is in
th e ch am b er. A s you can im agin e th is ex p erim en t w ou ld
tak e co n sid era b le p a tien ce an d sk ill.

D id w e see a tra c k in a ir? : W e u sed laser lig h t in a
d ark ro o m for ou r in v estiga tio n . In th e d a rken ed ro om
w e n o ticed after th e am b ien t lig h t w as cu t o u t a n d th e
eye w a s u sed to th e d ark th at th ere w a s a clear d i® u se

track of th e b ea m . T h ere w ere also b rig h t p o in ts o f ligh t
d u e to scatterin g b y la rg e d u st p articles b u t th e track
w as u n m istaka b le. Is th is th e e® ect (n ot to b e con fu sed
w ith R̀ am an e® ect'), th at R am an talk ed ab ou t? W e
w ou ld ex p ect th e e® ect to d isap p ear in a n evacu ated

° ask . T o test th is w e to o k a R b N e vap ou r cell (w h ich
w as availa b le in th e la b o ratory ) a t a p ressu re o f 1 0¡7

m b a r an d w e allow ed green la ser ligh t to p a ss th rou gh
it. W e co u ld n 't see th e tra ck a t all in sid e th e cell, b u t w e
cou ld see it ou tsid e th e cell. H ow ever, th is still d o es n ot
q u ite ru le ou t th e fact th at th e tra ck o u tsid e th e R b N e

vap ou r cell co u ld b e d u e to scatterin g o® very ¯ n e d u st
p articles w h ich a re p resen t in th e air b u t ab sen t in sid e
th e cell.

T h e tra ck w a s clearly v isib le if w e lo o ked in a d irection
ap p rox im a tely op p osite to th e d irectio n of th e b eam . It
w as n ot v isib le if w e lo oked in th e sam e d irectio n as th e
b eam . T h is su gg ests (see b elow ) th at th e d i® u se track
m ay still b e d u e to ¯ n e d u st p articles su sp en d ed in a ir

an d n ot d u e to th e m o lecu la r com p on en t o f air. In ord er
to elim in a te th e e® ect of d u st p articles o n th e scatterin g
on e n eed s to try to see th e track in a d u st free ch a m b er
con tain in g a ir. W e d id n ot k n ow h ow to d o th is, so w e
d id a sim ila r ch eck w ith w a ter.

H o w w e sa w a tra c k in w a te r: W e to ok a g la ss
con tain er w h ich w e clean ed w ith m eth an o l a n d p u t tw i-
ce d istilled w a ter in it. W e n oticed th a t th e tra ck w a s

The track was clearly

visible if we looked in

a direction

approximately

opposite to the

direction of the beam.

It was not visible if we

looked in the same

direction as the beam.

This suggests that

the diffuse track may

still be due to fine

dust particles

suspended in air and

not due to the

molecular component

of air.
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Figure 1. Experimental

setup for seeing the track

in water using red laser.

Notice that thebright spots

are due to the use of ordi-

nary water instead of

double distilled water.

v isib le b oth in th e p resen ce o f red la ser o f 1 0 m W p ow er
an d green laser o f 5 m W p ow er a n d th ere w ere n o b righ t
sp ots in th e tra ck in d icatin g th e fact th at th e w a ter w a s
p erh a p s co m p letely d u st free (see F igure 1). S o th e track
is p ro b ab ly d u e to scatterin g o ® m olecu les p resen t in th e

w ater an d n ot d u e to sca tterin g o ® d u st p articles p resen t
in th e w ater. In co n tra st to th e tra ck in th e a ir w h ich
w as b arely v isib le if on e lo o ked in th e sa m e d irection
as th e b eam , w e fo u n d th at th e tra ck in th e w ater h ad
a scatterin g p ro¯ le w h ich w a s m ore isotro p ic, co n sis-
ten t w ith th e a n gu lar d ep en d en ce of R ay leigh scatter-

in g. T h e in ten sity I o f lig h t sca ttered b y a sin g le sm all
p article o f d iam eter d from a b ea m of u n p o larized ligh t
of w av elen gth ¸ a n d in ten sity I0 is given b y :

I = I 0
(1 + co s2 μ )

2 R 2

μ
2¼

¸

¶4 μ
n 2 ¡ 1

n 2 + 2

¶2 μ
d

2

¶6
;

w h ere R is th e d istan ce to th e p a rticle, μ is th e sca t-
terin g a n gle, n is th e refra ctive in d ex of th e p article.
T h is ex p ression is va lid in th e regim e d = ¸ < < 1. N ote
th at eq u al in ten sity is scattered in th e fo rw ard (μ = 0)
an d b ack w a rd (μ = ¼ ) d irectio n s. F o r larger p articles,

th e a b ove form u la d o es n ot h old an d th e scatterin g is
stro n gly p eak ed in th e forw ard d irection . T o su m u p ,
in a ir w e saw sca tterin g stro n gly p ea ked in th e fo rw ard
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d irectio n an d th erefore it is m ost likely d u e to lig h t sca t-

terin g o ® ¯ n e d u st p articles, n ot th e m o lecu lar com p o -
n en t o f a ir. In co n tra st, in w a ter w e d id see a track d u e
to ligh t scatterin g o ® w a ter m olecu les.

T h eo re tica l E stim a tes: T h e th eoretically calcu lated
m ea n free p a th (see [2 ]) is L f = 3¼ N ¸

4 = 2(2¼ )4 (n ¡ 1 )2 ,
w h ere N is th e n u m b er d en sity of m olecu les, ¸ is th e
w avelen g th o f ligh t a n d n is th e refra ctive in d ex of air.
F or red lig h t sca tterin g o ® N 2 m olecu les L f is aro u n d 18 0

k m , w h ich m akes it v ery u n lik ely th at a sim p le tab le top
ex p erim en t w ith a p ath len g th of m etres w ill ren d er ligh t
v isib le. In co n tra st, o u r estim ate o f th e m ea n free p ath
of scatterin g for red ligh t o® w ater m olecu les tu rn ed ou t
to b e ab ou t 1m a n d th erefore a track m a d e b y laser

ligh t scattered o® w ater m o lecu les is in d eed w ith in ex -
p erim en tally o b servab le lim its. T h is is in d eed co n sisten t
w ith ou r ob serva tio n s. O n e w ay to in crease th e e® ect of
scatterin g in air w o u ld b e to in crea se th e d en sity, b y
p u ttin g it u n d er p ressu re o r liq u efy in g air. C learly, th is
is n o t th e sim p le tab le to p ex p erim en t th at w e set ou t

to d o.

G iven th a t th e m ean free p a th is so larg e, h ow m a n y
p h o ton s are scattered o u t o f th e b ea m in a d ista n ce of

1m ? F or a laser o f 5 m illiw a tt p ow er, a lth o u gh th e sca t-
tered p ow er is o n ly a m ere 2 :5 £ 10¡ 8 W atts, th is w ork s
ou t to b e 10 1 1 p h oton s p er secon d . T h e eye can get u sed
to low lig h t lev els an d p erceive even a few p h oto n s. W a s
th is h ow R a m a n \saw a ir" ? W as h e a b le to ch eck th at

th e an g u la r d ep en d en ce w as righ t? W e in v ite th e rea d -
ers to gu ess h ow R am an w en t ab ou t h is ex p erim en t a n d
w h a t h e actu ally saw .

S ta tu to ry W a rn in g : R ead ers are w a rn ed th at on e

sh o u ld n ever lo ok at a laser b eam (o r th e S u n ) d irectly
sin ce it can d am ag e on e's ey es.


