n. 1 sec 5.2

The equation is

The Homogeneous equation is:

whose general solution is:

v(z) = by cosh(vyx) + by sinh(yx)

while a particular solution is

v(z)=U
Thus
v(x) = by cos(yz) + by sin(yz) + U
The B.C. give:
TOZU(O):b1+U:>b1:U—T0
) U+ (U -1 h
Ty =v(a) =U + (U — Tp) cosh(ya) + bg sinh(ya) = by = ( Sinh(ov);)os (va)
n. 3 sec 5.2

All as before for the general solution:

v(x) = T + by cosh(vyx) 4 by sinh(yz)

Then we get:

T=0v0)=b+T =b =0
T =wv(a) =T + bysinh(ya) = by =0

From the solution I guess that there is a typo and the author meant the equation:

Dl ) + 72wz, t) — T) = %&gu(az, )

In this case you get a general solution:

3/novembre/2004; 10:46 [0:1] 1



v(x) =T + by cos(yz) + bg sin(vyz)

and, if sinya # 0, i.e. ¥ = n7w/a, then

T=0v0)=b+T=b =0
T =wv(a) =T + bysin(ya) = by =0

if sinya = 0 there is no condition for by so that the solution is not unique. Observe that in this
case when you do separation of variable for the remaining eqaution you will find that sinh(vya)
is an solution with eigenvalue A = 0. There is no contradiction with our statements because the
condution aq, ap > 0 is not satisfied.

n. 7 sec 5.2

The equation is

v"(z)+7r=0
The homogeneous eqaution is:
() =0
with general solution v(x) = bjz + be while a particular solution of the non homogeneous is

v(x) = ra?/2 so that the general solution is

v(x) = bz + be + gxz
The B.C. give

T():U(O):b2:>b2:T0
0=1v'(a) =by +ra=by=—ra

n. 9 sec 5.2

Steady state equation:

Dv"(x) — Sv'(z) =0

is already homogeneous and has a general solution:

v(z) =b + bye D7

So that
U:U(O):b1+b2:>b1:—b2+U

0=wv(a) =01 + bge%“ =b = bge%“
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Solving this simple system gives you the solution

n. 3 sec 2.3
Call

then we have 5
6§U(§7 7-) = a_zamv(g, T) = aﬁmw(x, t)

In the same way we get

8521)(5, 7) = a0, w(x,t) 0;v(&, 1) = C%28,510(%73

Thus it follows that:
85211(5,7) = Oyw(x,t).

n. 9 sec 2.3

We know that the steady state solution is linear so that we get

v(z) =C4

The equation for w(z,t) = C(x,t) — v(x) becomes:

O?w(x,t) = Doyw(z,t)
w(0,t) = w(a,t) =0
U)(CL’,O) = CO — Cl

To solve the equation we must write:

Co—C1 = i b, sin (%x)
n=0

we know that this gives

2(1 - (=1)")

by, = (Co — C1) —

Then the solution is:

2

w(z,t) = Z by sin (%Taj) exp (_n;; t)
n=0
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We have that C'(a/2,t) = C1 +w(a/2,t) so that the equation is:

Ch + w(a/2, t) —Cy = 09(01 — C())

from which

w(a/?,t) — CO = —0.1(01 — Co>

Let approximate w(z,t) with:

w(zx,t) = bysin (gx) exp (—?t

so that the equation is:
40 o 7r2kt y a? o 40
— = eX - _ -
T P2 2k e\ 7

n. 1 sec 2.4

Observe that the SS solution is:

v(z) =1T1/2

We must write:

u(z,0) = i Qy, COS (na_wx)
n=1

This is a cosine Fourier series and gives:

(—1)" —1

Ap = 2T1
n2n?

so that the solution is

T\ | <« *n?k
u(z,t) = ?1 + Z ayp, COS <@x> exp (_7r "
n=1

a a?
Observe that calling ag = T1/2 I can write the above solution as:

n n“k
u(x,t) = E @y, COS (—Ja:) exp (—W e t)

n=0

n. 5 sec 2.4
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The steady state equation is:

v"(2) =0

whose general solution is:

v(x) =ar+b

The condition at 0 implies that a = 0 so that v(z) = b. The only possibility is that Sy = S;.
Indeed if Sy — 51 # 0 thers would be a net flow of energy in ( or out) the rod. In this situation
the energy content of the rod keep changing and no steady stae can be reached.

From the B.C. we v(z) = Sz + b, where b is fixed by:

/Oa v(z)dr = /Oa f(x)dx

Moreover

w'(0,t) = u/(0,¢) —v'(0) =0
same for a.

It is easy to show that u(x,t) = A(kt — 22/2) + Bx solve the equation. Moreover from B.C. we
get B =5y and A = (Sp — S1)/a so that u(z,t) goes to +00 or —oo depending on the sign of
So — S1.

n. 8 sec 2.4

The equation has solution:

¢(x) = by cosh(px) + by sinh(px)
so we get

0=¢'(0) = bycosh(0) = by =0
0 = ¢'(a) = by sinh(pa) = by =0

n. 3 sec 2.5

The function G(x) is obtained reflecting ¢g(z) around a. I can the take the odd extension around
0 and take the Fourier Series. This will contain only sine terms. Moreover this is now a function
periodic of period 4a so that I have

Glz) = i By sin (]\Z:Tx)

n=0
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n. 4 sec 2.5

We have
By = L /2a G(z) sin <N27Tx) dx =
a Jo 4a
é /Oag(x) sin (%x) dr + % /Oa g(2a — z) sin (J\Z;T (2a — :p)) dr =
(1- (a—l)”> /Oag(x) sin (A%Tx) dx
n. 6 sec 2.5

If \,, # A\, then

2 /0 " sin(Az) sin(A,x)dz — /0 " cos((y — An)a)dar — /0 cos((An + Apn))dar =

(sin(()\); — Am)z) s1n(()\>\ j; e )) ‘

Observe that A\, — A\, = (n —m)7w/a and A\, + A\, = (n +m — 1) /a form which

/ sin(Apx) sin(A,,z)dxr =0
0

If \,, = )\, then

/Oa sin?(\,x)de = 1/2 /O‘I(Sm?()\nx) + cos2(Anz))dz =

n. 3 sec 2.6
The eigenvalue are u,, = —\2. The solution
tan(Aa) = "
are the same as those of
tan(Aa) = —

but for the sign. So they do not gine new p,,.
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