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U= Feo- Gee) > “m«j;r[l(x)éya)}l é{
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ou . q’ .. ‘_g— CF g }H-) 4 4_- )
0t | D’f {_G -C 1L éf > Iﬁ /‘[—é( T 6}6 F‘@“
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l
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> n=ich, -LC@
Law - et tic, e
2
ZQCOSC@'t + \JSVVLC@'t "
i
16.J Simply supported beam in Fig. 290A) Find solutions

i, = F 06,00 of 121 corresponding 1o zero snitial e —— .*___:“’—:‘j_-fa Y SiTcly suppotec
velocity and satistying the boundary conditions (see L N
Fig. 290\) _ r=0 ¢ L

wO.n = 0wl 0
tends simply supported for all tines 1),

o)y~ O u Loty =0
i 7o10 moments, hence zero curvature, at the ends).

i = Por U= FoGee), ,'F 420, then = €G30, W}\ic}\ s J(f
no inevest ) Jdence G390, ond then

o W(0.6)=0= F(o)-Ge) _ GF()=0
?@L(Lq‘):O: F(L)-Gc) L E(L) =0
oo
>/v ua(@ )= F/O) F06) ?‘[’"(0) :—’O
j =

o (L) = FIL) 608

o0 = Aenx+ Bsin3L + CanAﬁ:zi ¢ Danh3X
Fa = (A b - B 3n AL + Lok ¢ D anhpx )l

Ll At =0 A+C =0
} ___.’A —t (t - {') o ; '



3 At L=

::(L_) QD}[_ ézsmﬂ »r:_‘,r*thL --*EDS,’A}'\{@L:
- ) L
}L(_L) - (- /mnf&x - Bsin(3L + LJJW?DL + DS’mﬂ,ﬁ‘/—)[E =0
= 2Bsinpl= 0 = Bl =0 =
w b: RS) Q\PA po ) . 9 O.V"Q\d (‘m.ﬁ é." 1"‘\-§ 3»3@* ’Lt %A 0
(‘O,ﬁ‘fi\é 32, we Aud  obtain /\,Frufly M/ siwéxmé Foci=Frlo
/UAQY'Q FI\OC)— Slﬂ*‘r—r (n-= !rl;""),
%0, Svnee smPL o — thn D=0 A ,
G +GF. G = O
G = fcoscp®t) + Bsin(cpﬂ:)
é(’c) = —cp’“ﬂsin (crf{') + CF“BCOSCC:‘)%)
I.C. GW@ = 0 = oﬁla > B=0 : (cp'#0)
G = Acoscep®ty p = of

G, A, COS CCA*MPL/L) &

frs 2w, = FaG,d) = ‘bnSin(nW')()COS(CDZWQt\ bp= {AnCn
L Lz J

2

Find the solution of 7(9@’%1 = _sz_ that ths'ﬁes the

condition In 12.31¢ as well as  u¢x,0) - 1"(9() = XC(L-%).

Sol? From 12.3 1G )

Up(xty = b 8|n<n1”'>:)cos<cn"rr t)
wex,ty = Z,u xl) = Z b Sm<nﬂ'x)cos(cn"'r i

p=1

U(‘X,O) = AX(-xX) = Z b, S\n(nfi'x>
h=1




| |

Use Founer sine senes:

b, = Qj?((L %)SIn(nW’x)d

[j ’XLS\n(nTT'X)d'x j'XStﬂ( nﬂ")()d'x]

= Q{ (m n'W Cos nﬂ*x)+sm(n’n'x ]I“L

A=0Q

B IRCORICORESICS

%=L .
+2COS nfr'x ]WO} ¢ Use Iniegrotion Hab le

+2COs(nT) -2 }

- 2L [2-2CD7]
(m‘n’)‘3

uex, ty

i

£ (2-2(-D")8in n‘ff’x) cos<4,n vy

2L
3 n=1 713

o
= % (COS[C(,_B"{:]SW(F{‘.) + é_scos[c@_[)l‘ojsin(

+

)

- { (L )? [ nTrcos cn) | -(_%_)3[—(n‘ﬂ)3005(n’ﬂ)
nar n

B

)

fns

)




"Problem 12.3 # 17%;
Integrate [x (L-x) «+Sin[{n*»x#*x/L], {x, 0, L}, Assumptions - n € Integers]

2 (-1+(-1")1?

3 .3

n- s

2(-1+(-1)")

Aln_] := P
n

«2/L

A[5]
8
125 L °

c=1;
L=1;
up [x_, t_] :=Cos[c*n"2+x*2/L 2+t] #Sin[x*n»x/L]

u, [x, £]

Cos[nznzt] Sin[nmwx]

ufx_, t_, m_] := Sum[A[n] #us[x, t], {n, 1, m}]

"Finding the first three eigenfunctions that are non trivial”;

u(x, t, 5]

8Cos[n®t] sin[rx] 8Cos[9n2t]sin[3rx] 8Cos[25nt]Sin[5mx]
+ -

+

3 27 n3 125 3

"Finding the first three frequencies, note that the second and fourth frequence
are irrelevant because the solutions to ufx,t] are 0 for n=2 and n=4 ";
win_] := (c*n*2«x*2/L"*2) / (2 x)

freqTable = Table[w[i], {i, 1, 5}]

—, 2, , 81,
2

9 25 n
{3 - J
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; w (ClamPed beam ) What are the boundarﬂ conditions for
the clamped beam n Fig. 290 B? Show Hhat F in Prob. 15 safisfies
these conditions if ?L is a soluton of the equqﬁon
coshpL cospL = 1.
Determine approximate solutions of (22) , for instance, Smfhicailj
trom the infersections of the curves of cos gL and 1/cosh L,

Sol®  Fig.2908: clamped beam o both ends

X=0 X=1L
let uex,t) (s 4he beam deflection
Since both ends are clamped, ro deflection and no moveme nt
of the beam at those locations. Thus | the bOUndcer conditions are

o’
fins
0, T

(o, t)

1]

0] utL,t)

1

9

L}
bl

WU, (0, t) 0, Uy CL, 1)

From 12.3.15 | u(x,t) = Fonact), where

Fx)

i

Acospx + BSInpx +Coshpx + Dsinh px

FI('x) —PAS’in PX + pB Oospx + PC sSinh px + ‘Bchosh px

For Fax) o be a solution of the PDE |, uwm,t) = F(x)Ged) , Fex)

must satisfies the BCs for ux, 1), i.e,

Fcod = o, FCL) = 0,

Fco) = o, FeL) = 0.

F¢o) = A co/ (ol) + bsyf?:) + C COS/ (;) +Dsiyfﬂ:)
o = A+C =» c = -~A X



o | o i
F'(o) = —PAs)u(co) + PBCO o) + @CSipWCO) +PDO<§?K(0)

0 = PB+‘3LD > D = -p ;F=I=o
Now, Fx) = A (cos px - coshpx) + 8(sinpx - sinhpx)
Fewo = —PA(sinpx +SinhPx) +PB(oospx -'Ooshpx)
Fcl) = A(cospL-coshpL) + BCsinpL-sinhpl) = 0 —(1)
FeL) - —pA(sin PL+S\'nhPL) + gB(cospL-oosh PL) =0 — ()

Wede (0O 2‘ (2) in a mahrix form and divided ‘ﬂlro\ﬂh @) with B2 p¥o,
[cos;sl_—oosh L sinpL -sSinhpL ][A] = [o]

-S"I?L"Si“ F,L COSPL—COSHPL B 0
For non-mvial Solu‘h'on) . A+ 0,B#0,

CosPL-CoshFL sian-sinhpL
—sinPL-—SinhpL cospl -coshPL

= O

(COSPL-COShPL)a‘t- (sinPL—s(nh pL)(sinPLi-Sinh pL) = 0
cos®pl - 2cospLeoshpl + costhL + sin®pL -sinh?pL = 0

(cos®pL +5in*pl) + (cosh?pL ~sinh®pL) - 2cospLcoshpl = O
[ ~ v - N ~
-1 =1
2 - foosplooshpL = ©
1

1

COSPLCOShPL = 1 — (22)
Thus, F satisFies the BCs if pL sofisfies (22). fins

See groph of fhe aefmximo’re solutions of caa)

ne s o sebadion )

Since det m=o (for nontaiv )?.iv«wﬂfzj did’mdmr

N@‘l"a / e (0w @é? e matrix m ate
To solve for A 8 B  dake (4 |
A (Cos PL’C'@&&/&L> + B ‘(Sﬁv\FL’ SIV\K};L> =@

coSRL - COSR ’?L , WV\:\A A NLB*{?\’W‘{%

row

= B = Jav\éxFL’Smf‘L Lek's choose A =1 /7



Plot[{Cos[Xx], 1/Cosh[x]}, {X, O, 15}, PlotRange » {-1, 1}]

1.0

0.5

1 1 A 1 1 1 n n L L L L 1 L L
F 2 4 6 10 12 1
_05L
_10L

Plot[Cos[Xx] -1/ Cosh[Xx], {x, O, 15}, PlotRange -» {-1, 1}]

10

05+

05+

FindRoot[Cos[Xx] -1/ Cosh[x], {X, 4.5, 5.0}]
{X - 4.73004}

FindRoot[Cos[x] -1/ Cosh[x], {X, 7.5, 8.0}]
{x - 7.8532}

FindRoot[Cos[x] -1/ Cosh[x], {x, 10.5, 11.5}]
(X > 10.9956}

roots = {4.73, 7.8532, 11.00}
(4.73, 7.8532, 11.}

Recall: flx_, b_] := A* ( Cos[b*x] - Cosh[b*x]) + B *( Sin[b*x] - Sinh[b*x] )

where B = A* (Cos|b] - Cosh[b])/(Sinh[b] - Sin[b]), with A arbitrary (A=1):

f[x_, b_] :=
Cos[b*Xx] -Cosh[bxX] + (Cos[b] -Cosh[b]) / (Sinh[b] -Sin[b]) » (Sin[b*Xx] - Sinh[b*Xx])



2 | scrapClampedBeam12_3_19.nb

shape = f[x, #] & /@ roots

{Cos[4.73x] - Cosh[4.73 x] - 0.982502 (Sin[4.73x] -Sinh[4.73x]),
Cos[7.8532 x] - Cosh[7.8532x] -1.00078 (Sin[7.8532x] - Sinh[7.8532x]),
Cos[11. x] -Cosh[11. x] -0.999966 (Sin[11l. x] -Sinh[11. x])}

Table[Integrate[shape[[i]] *shape[[J]1]., {X, 0, 1}1, {i, 1, 3}, {J, 1, 3}]1 // Chop

{{1.00001, -0.0000134101, 0.000312379},
{-0.0000134101, 1., -0.00110137}, {0.000312379, -0.00110137, 0.999599} }

Note we found (approximately) a unit matrix which confirms Fn are orthogonal

MatrixForm[%]
1.00001 -0.0000134101 0.000312379
-0.0000134101 1. -0.00110137
0.000312379 -0.00110137 0.999599

Plot[%, {x, 0, 1}]
15}
1ol

05F

—05F \ / ‘ /

-10F

-15}F X NS

Let' s find Cn :

Table[Integrate[shape[[i]] *X"2% (1-X)"2, {x, 0, 1}1, {i, 1, 3}]
{-0.0398366 + 0. i, -3.81899x10° + 0. i, -0.000609261 + 0. i}
Chop[%]

{—0.0398366, -3.81899x10°8, —0.000609261}

% .shape

-0.0398366 (Cos[4.73x] -Cosh[4.73 x] -0.982502 (Sin[4.73 %] -Sinh[4.73x])) -

3.81899x 1078 (Cos[7.8532x] - Cosh[7.8532 x] - 1.00078 (Sin[7.8532x] - Sinh[7.8532x])) -
0.000609261 (Cos[11. x] - Cosh[11. x] -0.999966 (Sin[11l. x] -Sinh[11. Xx]))



scrapClampedBeam12_3_19.nb | 3

PIOt[% - X2 % (1-X)"2, {X, 0, 1}]

0.00005

—0.00005

-0.0001



49510 o If 4he end x-0 and x-1L of the bar in the text are

kept ol constant temperature Uy and U, respecﬁvelg what (s the

+émPem’mre U ¢x) in dhe bar after a |on8 fime (1),

-1

Sol

Guess : As t 2o UIOO has a linsar Prmq'@ with U o) =4

and U (L) Uy .

+
Caleulade : AU - %y
+ I %2
U, (e=4, Up (L) = U,
0 L A
D Heat £qn W = clal — N
ot x>

s t - , The +emperaJru(€ distribution In 4he bar OPP(OOChES

a S‘reoo\(d—sjrde conditions e, oW =o . Thus, Eq. () become s

ot

z

ol = O
A2
wx) = Ax + B : A, Bare consfants .
ucw) = u, = B %
A = Uz-—U'(
L
U ex) = (U2-UNX + U Ans

a,;'ﬁ*§;',5.1]"‘% In Prob 10, find the femperatuce ot any Hirng

Sol?  Let wext) = 00 + U x, 1) —(2)

Where  Up(x) is +the S’reng-S'foﬁe solution in Prob. 10,
Urer, bty is a patrficular solufion of Eq.(M in Pcob 10

thot 1akes care for the 4rardient temperature.




Since  Up (X) satisfies Eq 1 OS toee, UL(x,= = 0.
Alse, v (o) = U, and U CL)= U, , thus

UI(O)t) = O) UI(L)t) = 0,

Now , So\v{ng
9 ((Upt+ Up) c* 8" (u +up)
° I = £
at I A2 I T
(v} o
8 4 +8Uy = oM + ctaug
ot 2 oxx
9Ur = C*9%Vy — (3)
. ot 9x?

2

EC{)' (3) with the lnomogenecus BCS can be solved as shown in 4he

textbook , p. 583 . The soluhion is in +he form :

o5 —‘A,ft
ug (LY = né B, Sin 'n‘i[?(e s o9, = enf

¥ ux,0) =3 Then

Up (%,0) = U0) = U = $0n - Ug(x)
Use Fourier cine senes to determine B,
L
Bn = gj [fo) - Urex)]sin nTix dx

L [ )

’ . -(SRT)t
o UEY = (Up-U)X +U,+ Z BaSINDIX € . Bns
L n=1 L =

where B, is defined above

929[‘ under adiabatic cordition ¢
Find 4he ‘}emperai‘ure in Prob. 13 with L= T, c<1 and

qavat, foo s wio
Sol®? From Prob. 12.5.13

2
o0 ~(CnT/)R ¢
UCx,£> = Ay + 2. AnCos noix @

—r——

n=1 L




F@r L:(‘T)C:‘7

o —nzt
W, 4y = A, + 20 ApCosS(nx) €
n= 3
2
From 11.3 (p.-491) and +(x) = =X
v
ho = A fexydx = _1_J ¢ 7= ™) do
Lo TS,
= 1 [ nix - % = oM
T 3 d, 3
An = __J' 5(7() cos n(T’)( d(X = ij (” .-rx )COS (n’X)d'X
o
= 2 {[‘W Sm(nx)] —_4_ [(n%) 25in (X) + 2N COS (n
Tr n3
X =
- 238in (nX)
n(n ]X}
n +1
= -_Acoscmr) = 4 1D
n n*
2 ot N+ "na{;
wex,t) = 2nt+az D coscnme
3 n=1 n?
2 -t -4t . -9
= U +4/cosxe - fcos(2x)€ + {cos(ax)e
3 Pal 9

See plot at the end

12.5.31  ( Heat {low in a p\Qer)- The faces of the thin sc%uare P‘O+€
with side a- 24 are Per{:t?CHg insulated . The uPperSi&e is ke‘o*a‘#

20 °c and the otker side are kept ot 0°c. Find the ﬂmdg—»s’rm"e

“f?mpSI’G"MrQ U y) in +he plale.

AR 4
2 2
U 4 ou = O
8 %2 3y

This Pmbiem and bouwdarg conditions are similar o what is

%)

shown on p. 552, with fcx) = 20 on the upper side of e plate and al=b.

Thus, +he solution of Hhis problem is in Hhe form of Eg. (19) p-v60,

.e.)



Elisabetta
Text Box

Elisabetta
Text Box
See plot at the end


|

o * ’
u(’X,B) - 2. A, sin nx sinh nfly
n=1 a x

= Z A, Sin 2% sinh nuy
n= . 24 24
24 s ‘
where A’: = ‘21 J’ 0 Sin PTX dx
> Sinh (nT1) 5 24
T2 X=2d
= b [—_2_& CoSs nﬁ'x]
3sinh(nm) [ nT 24 lx-o0
= _5 [—__Q_L}Cos(nﬂ)dr&i_]
3sinh ¢ni) nay n
= 40 C1-(¢D")
NI Sinh cnfr)
_ { 0 for n even
€0 for n odd
nwSinh¢pm)
- €0 no-=1,3,3,"
M(2n-1) sinh (2n-DT
Fra Uex Yo = %0 g | L8N (2n-DTx . Sinh (2p-DTy
== T n=1 (an-1)Sinh (an-1W 24 24

See plot at the end

-

12.5.32  Find the Sjreng,sm‘m‘}e temperature in the P|Q+e in Prob.3
if the lower side is keP} at UOOC , the upper side at U,"c) and
the other sides are kept ot 0°C.

I T
Sol? A4 Y , y .
- Uy 1 u/c ] oc

a— e
/ 0 —_ ] A4 o - L .
‘cow 0°C = oc}| |oc 4 <~ ot
O "”‘, (X /!/W UIF',/ OC//l)n/ )
- * 7 X Tl & T X
v Uy C o Oc % o Uo c a

Let ueny) = u O0Y) + ugp(xy)

2

Swteoo\ws*o*e 2D hea eq : U+ U . o

9 x? 832



Elisabetta
Text Box

Elisabetta
Text Box
See plot at the end


'@f_(uﬁul) +_q1_(u1+un) = 0

9,)(1 ’6(51
@:L_U1+_611:+_Qiun+_§2_uj=o
gx* 9y X Yy
9Ur + 3UYr =0 and  ouy + Buy - 0
YR 982 92 @82
ugco,yd =0 Ug(o,y) = ©
u;Ca,y) = © uICa)3)=o
U CX,0 = 0 Ug Cx,0) = U,
UI(’X, a) = Uy UB (9{,0) =0

Fart T 1s similar to Frob in HgAQQ3 (p. 25%). Thus , the solution

fellow s F% (7 pe BQ0, e, with a-24 and fcx)= 0, ,

o0 *
= Z Ap sinnTx .Sinh niy

U, (x,u)
¢ n=1 24 24
* 24
An = 2 [ v, sin nfrx ox
245i0h (nT) L 24
x=24
= 204 [-Q\A cos nmx
= 204 [-COS(MT) + 1]
Wiy -sinh cnm)
n 0 n evev
= 20U, (1-C¢1N) - { "
N Sinhen® 4U N
i ) Wélnhmﬁ) !
= ZLU‘I : S’Yl = 1)'1’3)
(an-137 sinh ¢2h-1DT
o0
Up (Y = 400 2 1 -8in (en-NTx -8inh @1 DTY %
T n=1 @2n-1)8INh(an-1T 24 24
VL

Fart LIy Jor Ug (X W) = Fox) G-y, 'Following +he same dernvathi
(™)

Sin nMy = sin nfTx
a 24

Anearm(ofg)/(JL 3 Bne—n’ﬁCo-g)/a_,

on p.beq  we 8e‘r Fn (X)) =

and Gca-y)

W



Elisabetta
Text Box


Note that - for  Ug (1Y) = Fox) Ga-y)
dUy - -Fooda | Uy = Fo0 d’G
83 dg oy* 0\33
ni (A-Y)/q -0 (a-Y) Joc
Gca—g) = A,€ + B,e€ (a7
Y=o GCo) = 0 = An + B, =2 An,= By
T(a-y)/ - -
G(a—ﬂ) _ A, (en Y) /o 8n‘ﬂ(ol M)/a.)
= 2Ansinh o1 ca—g) - A sinh nu-n © R |2A,
o
uﬂ“(q,g) = A,, sin "ﬂﬂ?( Slhh nﬂ(a—g)
un (rx,g) = Z An N ng/% thh hﬂ(océ u)
B.C. Ug (X0) = U, = Z, An Sinh(w). sin wix
n=i o [7
Fourer sine series; A: sinh(nm) = __Q_J U, SIN hirx dx
a
. a
A, = zuo__jsm % dox
asinn (nw) o
o)
= 2 Uy ~\(SL coS MPX] X
ySInhn) Lnﬂ x ly-0
= 2Ue [—COS(n"T) + 1] = { 0O 5 neven
nmsinhcnm) 400 } h odd
= 4U0 - n:1 2)3)»_ thS\nh(n\T)
(an-1TFsinh (an -
Ug (% yd = 4Us Z, 1 »Siﬂ[(an—»'lz'lT?(J-Sinh[gg_p_:v_)_‘r_r_(a—g)]
T n=t @@an-1)sinh|an-NT] o *
with a =24 |
Wy = Uy (L) + Ug (oY) fins
w here Ur (6Y) = 44, P { Sm[(an-ﬂﬁfx]. sinh [an-1>7Y/24]
o T on=t Can-1) 24 sinh[can-nm ]
a = .
Ug o) = 4Ue Z, ~~_1_,_-S\’iﬂ[(Illrl-x)‘fT?(—{-3“”‘"[@""1)“7 (1-Yh]
T nsto@n-n 24 | sinh [ 2h-1)1m 7]
See plot at the end



Elisabetta
Text Box
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See plot at the end


12.5 33 Find the ﬂe::d:j-s‘m’re ﬁmperq-]ure in the plafe in 12.86.3

with the upper and lowegr sides PErFEcHH insulated , the lefH

side kept al 0°c and the r1ﬂhi side kept at ﬁ(ﬂ;r‘c. Ako
find the zoluhon for ﬂgl = 20.

So Y, 8l -0

u=o Viuso | u={y)

e

ul G X
2D S*ead&-:‘mﬁ heal unﬂ‘ﬁﬂ"ﬂ in the plate : U 4 BU =0 —0o
Y EHJ
let Uy = F{”G{j}J Eq.c» becomes,
GJdF + FdG = o
dx* dgl
1d* = -t1d%s - k¥ —@; k- const
Fd_.xﬂ. G d\l:lrﬂ.
BCs gu = F(dG
By E!H
Buxo0y = o0 = Fx)dGw) = dG(o)=0
Y dy
GU(x,a) = © = FxmidG@ = dg@)=0
94 dy dy
UWto,4) = o = Ffﬂ)ﬁta] = Fe) = O
From ¢a) da +Ke = o
)
dH-'i
G{ﬂj = Aﬂﬂs{ka}f Bsin(kﬁj
dG = ~Aksincky) + Bk cos cky)
For k 40 E’IE ij J
HPPL&} BC. ; g%{c} = 0 = Bk = B=oO
dG(e) = o = -Aksintka) = k = nTr
dy o

=Y




S Gy
d*F
dx?

Fen)d -

From t2) -

&

HPFJB BC. ; Fcay -

-
[l

F, (%)
Up (X ) =

G —  uony)

Fﬂt' k:@

BCs:

and

REP!

Eco) =

Uw:{-'xlﬂ} =

- K'F =

© Acos (419)
o

7@ sinh (kx)+ Deosh(lkx)

o = F
Enﬂ'lnh Nt ¢ ks nM
(T ) ! [
F,.,(I}Gn(:j]
zZ z
Ung (%,4) = Q. sinhznWxy cosy an |- c AT,
h=d " “‘j LEX " (T) (%) |Jcn "
Q
ﬁ--'i-j‘l' 'ﬂ'.ﬁ 3 d_G = J"31.1 ; A1?A3§ Ounﬂﬁnh
dY
°© = A = da@
9y
Ay
0O
ByX+ By } B, B, = constomis
c = B, = Fx)= BXA
G, T, - C,,’x ; Com BiAy — (4)




Combine (3)+ (4);

oly
utx.gn = G + nﬁ:‘ Ch Slﬂh(nETJEGS(ﬂTEH)
- Q.

”PFIJ BC- u{q,lj} = -1':.5} = CoO. + ,.2,"1 Cnsrﬂh{nW]ﬂﬂ‘S(ngﬁ)

Founer cosire S'en'es; (see p-491)

oL
Coa = _&Lﬂj fayydy
Co = A ([ Heapd
o {;:.“;r yrdy
sinh (o) = ~ "y ) d
c,sinh (nf) %UJ” teyycos (oY ) dy
Ch = 2 jﬂ”ﬁs;coscrﬂggjdjj
{].Sinh(n‘rrj

o

FGI' = iA:l

uer,y) o= a¢a+£anﬁ1nhr:”“%4}cas amy
n=r  Sinh ¢nr ) 24
24 Fns
vihere 0, = 1 feurd —

’ Efﬂj- §°d

24{( ) Cos (nY. dy
U, = 1 oS n

12 ,,j J 24 )



Problem 12.5.17

1= A0 = 1/Pi = Integrate[Pi"2 -x"2, {X, 0, Pi}]

2 72
In[29]:= ——
3

n4:= An =2 /Pi % Integrate[ (Pi"2 -x"2) xCos[nX], {X, 0, Pi}, Assumptions - n € Integers]

4 (-1)"
Ooutfd]= - ——
n2

In[34):= U[X_, €_] := A0 + Sum[An*Cos[nXx] Exp[-n"2xt], {n, 1, 30}]

inzel:= Plot3D[u[x, t], {X, O, Pi}, {t, O, 2}, AxesLabel - {"X", "Time", "Temperature'}]

101
Out[36]=  mperature” |

. S
.I- i ,".]"pimu

/0.5

=y

“0.0

5]

Problem 12.5.31

in[s):= Anstar[n_] ==
2/24/Sinh[nPi] Integrate[20 Sin[nPi x/24], {X, 0, 24}, Assumptions - n € Integers]

infe:= Anstar[n]

40 (-1+ (-1)") Cschn n]
out[6]= -

ni

In[10]:= U[X_, Y_1 =Sum[Anstar[n] *SIin[nPi x/24] *Sinh[nPiy/24], {n, 1, 10}]



2 | HW3-17-33.nb

3= U[x, yl

80 Csch(x] Sin[7%X] sinh[ZY] 80Csch(3x] Sin[7*] Sinh[ 5’| 16Csch(5 ] sin[%2X] Sinh{sz’;"]
Oout[13]= + 3 N .
us 7T T

80 Csch(7 ] Sin[ 2] sinh|[ Y| 80Csch(9 ] Sin[*;*] Sinh[*]

+

7 91

in1z1= Plot3D[u[x, y1, {X, 0, 24}, {y, 0, 24}, AxesLabel » {""X", "'Y", "Temperature"}]

20¢

15t

10t
5::.
0%

Out[12]=  mperature

Problem 12.5.32

in[32:= UO = 30
out[32]= 30
In33= Ul = 50
out33)= 50

In[34= Anstarl[n_] :=
2/24/Sinh[nPi] Integrate[U1Sin[nPi x/24], {x, 0, 24}, Assumptions » n e Integers]

in3s:= Anstarl[n]

100 (-1+ (-1)") Cschin ]
out[35]= -

n
nEe)= Ul[X_, y_] = Sum[Anstarl[n] *Sin[nPi x/24] *Sinh[nPiy/24], {n, 1, 10}]
n[37)= a=24

out[37]= 24

n3s= Anstar2[n_] :=2/a/Sinh[nPi] Integrate[U0OSin[nPix/a]l, {X, 0, a}, Assumptions - n € Integers]
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in[39]:= Anstar2[n]

60 (-1+ (-1)") Cschn ]

out[39]= -
nr

nao)= Ull[X_, y_] = Sum[Anstar2[n] *SIin[nPi x/a] *Sinh[nPi (a-y) /a], {n, 1, 10}]
nf41):= utot[x_, y_1 :=ul[X, y] + ull[X, Y]
In[44]:= UEOE[X, Y]

120 Csch ] Sin[ZX] Sinh[ L 7 (24-y)| 40Csch(3 7] Sin[7] Sinh[g (24 -y) ]

Out[44]= + +
Tt us
24 Csch([5 7] Sin[ 22X ] Sinh[ > 7 (24-y)| 120Csch(7 ] Sin[2X] Sinh[ .l 7 (24 -y) |
+ +
7 7

40Csch(9 7] Sin[22*] Sinh[3x (24-y)] 200Csch(n) Sin[%X] Sinh[ %) ]

37 N = +
200 Csch (3] Sin[7X] Sinh[”g—y] 40 Csch[5 ] Sin[sz’zx] Sinh[sz’;y]
3 N . +
200 Csch(7 ] Sin| 22X ] SinhV;y] 200 Csch[9 7] Sin[ 22X ] Sinhf;‘y]
+
7 97

inf43:= Plot3D[utot[X, y], {X, 0, 24}, {y, O, a}, AxesLabel » {"'X", "Y", "Temperature'}]

60

400
mperature |

200

out[43]=

0./





