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ĥ

∂
x2

+
∂

2
ĥ
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ĥ

∂
x

∂
f n ∂
x

+
∂
ĥ
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ĥ

∂
x

� m

� ∂
f n ∂
x

� m
+

� ∂
ĥ
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pĥ

p
+

H
=

0
(9

.2
2)

w
h

er
e

H
is

a
co

n
st

an
t

co
n

tr
ib

u
te

d
by

Eq
.

9.
21

w
h

en
n

is
a

b
o

u
n

d
ar

y
n

o
d

e.
A

t
ea

ch
n

o
d

e
in

an
FE

M
m

o
d

el
w

h
er

e
th

e
h

ea
d

is
u

n
kn

ow
n

,a
n

eq
u

at
io

n
li

ke
Eq

.
9.

22
is

ge
n

er
at

ed
,

so
th

at
th

er
e

is
o

n
e

eq
u

at
io

n
fo

r
ea

ch
u

n
kn

ow
n

n
o

d
al

h
ea

d
. B
ec

au
se

ea
ch

n
o

d
al

eq
u

at
io

n
in

vo
lv

es
o

n
ly

th
e

ce
n

tr
al

n
o

d
e

an
d

it
s

im
m

e-
d

ia
te

n
ei

gh
b

o
rs

,
ea

ch
eq

u
at

io
n

co
n

ta
in

s
o

n
ly

a
li

m
it

ed
n

u
m

b
er

o
f

te
rm

s.
If

th
e

el
em

en
t

m
es

h
is

d
es

ig
n

ed
ef

fi
ci

en
tl

y,
th

e
re

su
lt

in
g

sy
st

em
o

f
li

n
ea

r
eq

u
a-

ti
o

n
s

w
il

lf
o

rm
a

n
ar

ro
w

ly
b

an
d

ed
m

at
ri

x
o

fc
o

ef
fi

ci
en

ts
.I

ti
s

p
o

ss
ib

le
to

h
av

e
a

m
o

d
el

w
it

h
50

00
n

o
d

es
,a

n
d

h
av

e
th

e
eq

u
at

io
n

s
ge

n
er

at
e

a
m

at
ri

x
co

n
ta

in
in

g
50

00
×

7
n

o
n

ze
ro

co
ef

fi
ci

en
ts

.
Th

e
sy

st
em

o
f

eq
u

at
io

n
s

th
at

re
su

lt
s

is
u

su
al

ly
so

lv
ed

by
it

er
at

iv
e

m
et

h
o

d
s,

gi
vi

n
g

th
e

n
o

d
al

h
ea

d
s
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ĥ i
)2

+
N

q
� j=

1

w
j(

q j
−

q̂ j
)2

+
N

p
� k=

1

w
k(

p k
−

p̂ k
)2

(9
.4

7)



9.
6

M
od

el
in

g
Pr

oc
es

s
40

9

w
h

er
e

N
h

is
th

e
n

u
m

b
er

o
f

o
b

se
rv

ed
h

ea
d

s,
h i

is
th

e
it

h
o

b
se

rv
ed

h
ea

d
,
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