d?u du
a— +cu=f u@)=0, a— =0Q

dx el
a, ¢ and f are function of x. here it is assumed that a, ¢ and f are constant on an element.
So, we can write the formulation as follow:

i(ad—u}rcu=f u(0) =0, ad—u

=Q

X=L

dx\ dx dx

Weighted residual method is applied to get weak formulation for the given second order differential equation as follow:

A. Weak-Form of the Governing Equations
The solution of the differential equation at a node is approximated by following equation.

Xet1 d d(D
0= ——|a—=I|+c X
;[ { dx( dx JJF P q}d
wl 9 (a9 )| __d (099 |, gdw don
dx dx Cdx dx dx dx
:>jw—i adﬁ :—J. x+jad—Wdﬁdx
M dx\ dx dx dx y,  dx o dx

Wa— fa %dx
dx dx

e+l d d d Xes1 Xes1 d d
R m oo ] T -

d d
- W(Xe+1)d—()0(h (p“ + J{ &d—jtcw qw}d
dg, do, _
dx |, Qe dx |, R

e i1 d dgo 3 Xet dw d(/) _
J. W|:_ dX( dxhj+cg0h q:FX __W(Xe+l)Qe+1_W(Xe )Qe + );[ [a& dXh +CW(0h qW:FX =0

B(w,u)= T[ad—dﬁ+cwwh —qw}dx

% dx d
Ie(W):—W(XeH)QeH—W(xe)Qe
X{ dX d +CW(/)h qW:ldX=—W(Xe+l)Qe+l—W(xe)Qe

Substitution to transform from physical to natural coordinates



j=1
w=N,
dw & dN;
&:; dx

2t dN© AN . d( du)]’
0= au’———L —c .y +y i |dx—| —|wa—
HX—[{ = Tdx dx TV J [dx( dxﬂX
xb e N.e
[la cdne d] J]—ceN,eNe dx =K,
S dx  dx . .
xb
[Nt dx =i

[k Jjurp =15

s " 4
u(x)= <']‘ te,x

llb‘il w; o True solution, u#(x) :’”,lqllvf"‘) Uz vy (x)
"1”/’1‘.(-\') - /_"
-~ v/
1 1 B R e (0]
> L
X=xp=x 4 4 .
| ) ]
ld £ S
| = | Mg 12
It | 5 =) > X
X
e
v, =1_h_
e
X
e
YV, =
he
dy, 1
ax  h
dy,” 1
ax h
xb e d €
dyy vy’
K; =2, Y L2 1dx
2l dxodx



" due d[,/, 9] (g1 a,
Klzzae_! g;l dXz dx:a&{(_eh_e d)(:_h_e
h, e dlwe h, ~
Kz1:ae.([ dZ/Xz I:(;f(l:' dX:ae’([(h_];h_j- dx:_f]'_:

Using the above element matrix,

r [ e . .
K111 K12:| {Ul } _ { f, }+{Q1 }
Ky Ky u,’ f,° Q,°
I Klll Klzl 0 0 0 |[u? fll Qll
K211 K221 + Kllz K122 0 0 U f12 + le QlZ + Qzl
0 K212 K222 + K113 K123 0 u, f22 n f13 sz + fls
0 0 K213 K223 + K114 K124 U4 f23 n f14 Q23 +Ql4
L 0 0 0 K214 K224_ U, f24 Q24




(1 0 0 0 o J(u*] |0
K21 Kzz + K11 KlZ 0 0 Uz flz + f21
0 K,, K,, + K, K., 0 |KU;r= f22 + f13
0 0 Ka Kp+Ky Ky ||U, fo+ 1
| 0 0 0 K, Ky | |Ug f24

General Equation, obtained
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