
Exercises:3.8, 3, 10, 3.11, 3.12, 3.14, 3.15

38 Ut =uxx - 4 (x,t) = (0,)) x (0,0)

u10,t) =4 11,t =0

Guess Un(xit) =TrIt) Ax(X)

PDEgives TisEx =(Ex" -*K Tis

=>I*-- in
for some Xx ti.

Eigenval problem
-E= (Ax- 1)Ex =: kEx
Ex(0)=x (1) =0

=>I =(T), n=sin (KTx)

& 1x =(kπ)2 + 1

Eq for In: Tk = - xxT

=>Txt) =e
-xxt(0)

=

e-)kπ)2+1)t.
set =1



Familyof sols:

Un(x,t) =e-
12+ D+sinCkTix) k EIN.

0 Formal sol to
Ut =Uxx x+(0,1) ,

t >0

u(0,t) =4(1,t)=0

U(x,

Define V(x,t) =U(lx, t) xt(aitzo.
Then V= =Ut , Vxx

=12Uxx

=) Vt =1
- 2

vxx

v(0,t) = v(I,t) =0
V(X,0) =u(ex,0) =f(ex)

Particular solutions for Vi

Vi(x,t) =Ex(X) Talt)

=>

=e* = -x



Eigenval problem:
-I =lx *x=: Ex xt(0)

Ex10 =Ex) 1) =0

solution Ex= (KT, Xx=(***)2
& Ex =Sin(kTX).

- (*)2-sin(x)T= -xiTic => Tich) =e

using T, 10)= 1.

Formal solution v:

V(x,t) = c etsin(k4x)
k=1

Cr =260f(ex) sin(kx) dx

EEff(x) sin(*)dx)
Formal solution u

u(x,t) =V(*,t)
-tsin(**-Ecke

k=1



- Formal sol to
Ut

=Uxx xt(0,1) t>0

ulot) =a u(lit) =b

u(x,0) =f(x)

Let V(x,t) =4(x,t) - (a +(b-a)x)

=> Ut =Vxx

voit) =0, V(1,t) =0

V(x,0) =f(x) - (a +(b-a)x)

Formal sol V:

v(x,t) =E,Cektsin(kTx)
(x =2)(f(x) - (a +(b-a)x)) sin(knx) dx

andformal sol u:
u(x,t) =V(x,t) +(a +(b - a)x)



Ex3.12 Formal sol to

Ut =4xx +2x

u(t) =4(1,t) =0

u(x,0) =-f(X)

Let v(xt) =4(x,t) + x
=>>Vt =Ut & Vxx =4xx + 2X

=>vt =Vxx
v(0,t) =V (1, t) =0

3
-Xv(x,0) =f(x) I = =F(x)-

Standard next steps:
Formal sol V:

vixit) =k e-Cktsin (kTx)
( =2(!f(x) bin(k4X) dx.
Formal sol U:

u(x,t) =v(x,t)-



3.14 (a)
O kFM

So'Cos(kTx) ((max) dx = EI K=m.x/
I k=m=0

Assume km. · If ko then
I m=0So'cos(mix)dx =20 otherwise.

·K1 and m =k; then

So'cos(kxx) dx =1x) ax
=1
2

· KI & MAK , then

Cos (KTx) ( (mix)

=(x)+ (os((m-x)πx) (A)
2

=>SoCos(kxx) (os(mix) dx
=I (os(m+K)+x) +(ox((m-k)πx) dx =0.



(b) Hints for exercise:

Let now (f,99:=(if(x)g(x) dx

[Sin(kx), sin (mix) =3 i
k =m

k =m

show using
Sin(knx)Sin(mix) =x)- (os((((m)(ix)

2

<Cos(kTx), (ox(mix)) =G
KIM

k=m2 1

k =m=0

Use (*) from (a).

[Sin(knx), (os(mix)) =0

Use

Sin(kix) ((mix) =aMx)+sinCCK-m(x)
⑧



35(a)
-1" =1* x=(1,1)

Periodic BC: E(-1) =A(1), (-1) =x(l)

2-x", E) =f,*"xxxxxx =(x*]! +(*1dx
=>1 =

*)10
writing B =X yields problem

" = - BA

General sol *(x) = a Cos(Bx) +b sin(Bx)

and A((x)=B(b cos(BX) - a sin (Bx))
E(- 1) =E(1) =>bsin(B) =0

*(-) =A(l) =>Basin(P) =0

=>

B=kT, 2x
=(k4)2

with eigen functions

Ex(x) =(os(KTX), Ax(x)=sin(kTX).



(b) Byorthogonality in 3.14(b),

If, sin (kx)) =(x)
=O

tBarin(kx)
K= =O

a

I 2bySin(mtxK=1 kIm

I k=m

=bx

Devine ar=[f,cos(kxx)].
similarly.

(C) Guess Un(xit) =An Tr

Yields eigenval problem
- =1Ex ,Ex)-1) =xxl)

Eic(-1) =Ii (1)

Part (a) =N =1)2

Ex(x) =(os(KTX), Ax(x)=sin(kTX).



ODE for In:

Tis = - xkT1 / Tic(0) = 1

=>Ticht) =e-
(k)t

&

Particular solutions

Up(xit) =e-
1KT)"t
sin(kTX) K21

and
xit)=

-()(os(kIX) K10.

Formal sol

u(xit) =2 + EanV(Yit)
-x Ux(xit)
k=1

where as, by are given in (b).


