
 Section 1.3 Q2 A flexible chainof length l is hanging
from one end x 0 but oscillates horizontally Let the x

axis point downward and the u axis point to the right
Assume that theforceof gravity at each pointof the chain
equals the weight of the partof the chain below the point
and is directed tangentially along the chain Assume that

the oscillations are small Find the PDE satisfied by the
chain T

Coff

y
b

of the chain which is

assumed to be constant

For any point x the x x

mass below it is given by El

C As It u

and the gravitational force by
l x g g

where g is the acceleration due to gravity
This force acts tangentially So the horizontal

part is given by G Dpg juice
Assuming small oscillations wears that

At me 1 so that the horizontal part
is given by f Ng gun



So we find that in the horizontal direction

for thesegment Ko xD we here

Fhs Mahar

C xDgg uh t I xogguxk.tt SISWeek t dx

Replace xp Xo th and divide by h to get

us
l kothdfguxkoth.tt exo g gu ko t

h

Xoth
RHS ÉSx Suet x.tl dx

In the limit h o we find

uts C Aggux x

RAS gutt

so we eventually have U g f Dux x

Notethathere we did not needto investigate theverticalforcesince it is

alreadygivento us unlike in thestringexamplefrom class



Section 1.3 24 Suppose that some particles which are

suspended in a liquid medium would bepulled down at
constantvelocity V 0 by gravity in the absence ofdiffusion
Taking accountof diffusion find the equation for the concentration
ofparticles Assume homogeneity in the horizontaldirections

x and y Let the Z axis pointupwards

Since the concentration is homogeneous
in x y we can look at a cylinder
pointing in the Z direction like this Z

Z
The mass of dye between to and z

is given by I
MA SE u Gt dz

note that this is function of time

Hence It SE Ue et dz
is the rate of change of dye in the volume

between Zo and Zi
This must equal the difference between dye

entering this region and dye exiting
flow in K Uz E t VUE t

flow out KuzGo G V uGo t



So we have

SEUte t dz ku z Z it kuzko.tt V u D V uGo E

Replacing Z Z th and dividing by h we have

If 2 1 y dz k
uz 6th uz kit

v
u zoth t up t

h

Letting h o we finally have

WE Kuzz t V u z

Remark How did we discover that theflow in at z has
the additional term of Vuk t and similarly for z
Consider two times to a t How much dye will ented

through Z during this time All the dye between Z

and Z T V t to

Z V E to Z V E to

And what is the rate at which the dye enters we

need to normalize the above amount by dividing by the
amount of time ve to

ti to V
Thus V is the rate and must bemultipliedby concentration n


