THE SPEED OF SMELL

How 4uickly does a smen [Loffee,

curery, Sid... ] travel throwgh air?

FIRST &UESS ¢ The molecuies o be
detected typically have masses from
o $ow deu To A few thowlond aM.k.
[Con't be doo Wigh: needs +o be '
reasonably velatite !]
Eirimate moteculor Speed from mean
kinetic enersy: ‘

<KED> = L kT

== <J‘-MV"> = % k.‘r

=2 "foot ~Mmean- Souare fpeea”
- '
vame = <V = (?,.%I)h

For m= 100w and T= 300K,

o~ [ 32 tuxi0-dindoo e
v‘”‘ 1008 13n=3? ]

= 240 ms-!

o 4h's i NOT the Way that
tmelts et sround |
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RANDOM WALKS & DIFFuSioN

fmells don’t propagare at Vams because
Mmoletmies don't move (n Shroiqur lines:

O

For a wmolecule with M~ 250w, the
typital time between Collifions with
air Molecyles

oAb~ Txw='s
and distanc trevelied

a0 ~ Tx1w~im

We’R moded the DIFFUSION procets by
& RANDOM WALK,

[ASine: A here §§ fmatier than for the
Ny molecules (A aly hecause thete heavier
Molecules are big, Slow-wiovivg "turgers"
for bombardment by Np.]
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[RAMDOM WALKS + MFFUSion, conT] " (RANDIM WALKS, DIFFUSIoN]

N & real diffution process the Himes Now, a2 =(84)* for every Grep, and
between cottisions [and the dittrance travened ] I$ the Srept are |vdependent of one
are different for cack Step.  Thab's avother <di d:> =<d; > ¢d >=90

] ) . . ' - -J L -i
(Mconvenient, o Simplidy @ ™ time T  jor i

olecule ma = t/at Steps
the molecu ket N / [ASMG . eXpectahdn Value of a product

4o 4y o 4y Al of cqual length AL 1 s the Product OF the expeckahion valwes
but in rendom odlirections. ? for (Mdependent random variabies |
R =4 +4,+...+dy ' g Wl ,j,murcnuw
Of course, the mean displacement <R>=0 = : §PCAY P(B)} F(P) G(8)
A8

[Steps ore 11 ramdom directions, <d;> = 0],
S0 look at mean=~Squaresl R initead :
<R*> = <RR>
= <dirdi o dl
+ lﬁl‘b +* 1&"!3+"'
tidahy tadodytr) or

= (Z PR FM)( £ P(e) Gce))
= <CRMPCER)D, ]

<R*> = Nt = L (e

Reps, 2 <RYE = a4 (t/as)2)




[RANDOM WALKS, DIFFuSIen]

NUMERICAL VALUES: for
m=250w, a4 = Fxio-Tm, at = Sx10""'m
the ime for the Sment to trave
distance Rpyy ~ 1m s
= Rdu ap ~2x0075 ~2 days,
7Y
This 4lSo doein’t Agres with experience

[Aside : numenical values ave acually
those appropriate for the Sex pheromone of @
Srikworm meths,.. which Can attracs

mabes from Oittances ~ Rm in practice.]

In reality the problem (T less Severe,
partly bechuge we have Sentitive noses

[or anbennac], bub (Much more (wporfontly)

the molecules ore drantperted by air
wrrents (which ore durbulently mixed,

50 qow A hove tu be exactiy Aswne
wind of the Senree),

CHAIN POLMMER
[¢-9. potythene, polystyrene, etc]

A Single Molecule (onsishrs of o
chain of many [c.q. 104] {dentical

chamical wares:
%n

We could regard this o RANDOM WALK
with "Shept™ &; from one unit To the
next.

Assuming <di-gi> =0 for i#]
makes the analogy tomplete, So for
the fige [rms] we'd <stimate

R Ng* = R=\Nd,

M;l =d foran
"”GPS“.




[CHAIN PoLyMER ]

COMPLICATIONS : the (dealiged picture
of & freety=-jointed chain s only
gualtatively covreet, because the
angles Setieen ConSecutive thps [chemical
bonds] are constrained by
the dircctionality of valence bonds:

C._ tot° C
H W

This wenld make < &;°d;0> = 0 }

an (Mmpoltibitity .

Neverthaless the Motecuie ¢an SHNN

Lontort Mho differentr Shapes by twithing

ond bending, Mot effech i that

Shi‘dy> =>o for li=j| I, _
(Problem H#-6]

[A further compiication (s that
difperent ports of the molecule ¢owm
interoct With one oanother — not
Wke o random Walk by & diffuting
mylecute ]

Dn fack, for (deal tetmlcarad boveliug

d*/3 J

yon Wl keve  dpigpys =

c




