
 

SOLUTIONTOTHE HEAT EQUATION

PARABOLIC

Let T beth temperature of a rod

so I space dimension

F To tax t

To is th known ambient temperature

u ai t is the fluctuating temperature

The X represents space
t is the t 0

Thebarhas finite extent 03 51

The bar has a known enstat thermal

diffusivity 030 la as tant



PDE 3 UPI t o

2 2 Osx se

E c UHD Hx Osx se

B c No t tell t so
Dirichlet Homogeneous B C

HonegeeousPDE ie No sourcekink

Rude The bertemperature initially ft o is
Ts To 1 fix

The bartemperature for all the atx odx.cl
is T To
METHODOF SOLUTION

SEPARATION OF VARIABLES
Assume e solution of theform

1 7 unit 4ft



separable form

the substitute into the IB VP finitial
boundaryvalve problem PDEt B Ct Ic

Substituting C into PDE

9674CH s v33,9674lb

rearrange

9673 vP 447

If theseparationofVariables procedure is going
tosucceed we should be able to write ix
in the form

GG Htt

i.e tle sides are exclusively fructiusof

either x or t So I dividedby us 94



34 n'Exit
so we can proceed

f f Yt thx
The most general soluhu for 484

requires that
b s equal to a custom i e

t
9 hi austar

Yes hi4 or 4 the 4 0

9 KY or 4xxthe4 0

We also need separabilityof B C

410 t s O G Ht so 918 0

tell t so 96 Ht so 91e so

so B C separate we can proceed



the4 0

467 961 0

so 911 Aws kx tBsinckx

4107 0 A

cell O implies hes n 1,2

CfnG s Bns inn n 1,2

looking ahead

UH t s
n
Bnht Sinn

or uh 4 Britton

Gobackto solving

Htt his yay De
Kut



ucx.tk DnetnEYt9ncx

How do we find D We'll usethe I C

UH ol fax

DnenG fix
so multiply b s by 4m61 integrate

offxdma.sngDn4mca ffxfcxldmCx3

2 Dm foldx fix 4mlx

2 isthe homelieckmarstat



Dm 4mWdx
0

m sl Z u

z flavin dx f
Dms f f chatdy

0

So we have solved for

UK t s Dne Fel
t
sin

yRs l

Examine thebehavior ofsolution in the
homework

EFFECTOF B C

Weused Dirichlet B C heavy we

prescribed u at theboundaries In fact we

prescribed us 0 at boundaries Wesay that



we are guy the IBVP HomogeneousDirichlet

B C

OtherBoundaryConditionsfor heatepuchu

at X a theboundary you canspecify

ZIG sa t htt
Neumann nonHomogeneous if

htt 407
if htt so we say thattheboundary

and.hu

models an insulated end ofHeber

3 x est t calx at g It
Mixed orRobin B C

if glt O Her homogeneousRobinB C

C is a carnstat

if glt so the flux ofheat is zero at



boundary

You can have different boundary
conditions

at each end of thedomain

Canhave periodic b e

ulxsa.tl sulx b t ft

ex PDEZY.su too 0cal

B C 46,4 0

3 44 O

I C UH o fcx

assure UH t 44744 substintoPDE

4 tub4 0 dxxtkcf.co
961 0 3167 0



as before but different B c In42 1

4 e
th't

e sbefore

let's focus on f chath4 0
467 9417 0

4Cx AcostextBsnkx

Q'Cx Aksinkx tBhaskx

4 o so A

4 ll so Bkcos he

tq.cn lTn 0 I
e

cha s ssnknx.snCnttdgxJN
0 I
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fix smfh Jdx

n sO l


