
















−20 −15 −10 −5 0 5 10 15 20
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x

w
(x
,t)

t=0.00
t=0.25
t=0.50
t=0.75



−20 −15 −10 −5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

x

c
 (
∂
 w

/∂
 c

)

t=0.00
t=0.25
t=0.50
t=0.75

−20 −15 −10 −5 0 5 10 15 20
−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

x
δ
 (
∂
 w

/∂
 δ
)

t=0.00
t=0.25
t=0.50
t=0.75



0 5 10 15 20 25 30 35 40
0

5

10

15

20

25

30

35

40

t × 103 [seconds]

c
1
 ×

 1
0
6

c1(t) at x=10, y=40

reference
finite difference

0 5 10 15 20 25 30 35 40
0

100

200

300

400

500

600

700

800

900

1000

t × 103 [seconds]
c
2
 ×

 1
0
9

c2(t) at x=10, y=40

reference
finite difference



0 5 10 15 20 25 30 35 40
−40

−35

−30

−25

−20

−15

−10

−5

0

5

10
scaled sensitivity of c1(t) with respect to q1

t × 103 [seconds]

q
1
 (
∂
 c
1
/∂

 q
1
) 
×
 1

0
6

reference
finite difference

0 5 10 15 20 25 30 35 40
0

50

100

150

200

250

300

350

400

450
scaled sensitivity of c2(t) with respect to q1

t × 103 [seconds]
q
1
 (
∂
 c
2
/∂

 q
1
) 
×
 1

0
6

reference
finite difference

0 5 10 15 20 25 30 35 40
−6

−5

−4

−3

−2

−1

0

1
scaled sensitivity of c1(t) with respect to q2

t × 103 [seconds]

q
2
 (
∂
 c
1
/∂

 q
2
) 
×
 1

0
6

reference
finite difference

0 5 10 15 20 25 30 35 40
−450

−400

−350

−300

−250

−200

−150

−100

−50

0
scaled sensitivity of c2(t) with respect to q2

t × 103 [seconds]

q
2
 (
∂
 c
2
/∂

 q
2
) 
×
 1

0
6

reference
finite difference








