Solution Math371-241-05 Exam?2
1. The Euler method is used to approximate the solution of the initial value
problem

v =144 y1y=2 1<i<2,

with h = 0.25. If y(¢) = tIn(t) + 2t is the exact solution, then the error
bound |y(ta) — w(ta)| is less or equal to,
Note: this is not the absolute error.

0.0811
0.0112

(a)
(b)
(c) 0
(d)
(e)
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0.0699
0.0775
Sol:

1 1 1
=-, L=max{—}=1, y'=Int +1+2, y"=-, M=max{—}=1
t t 1<ts<2

t
hM 0.25
ly(tz) —w(t)| < E(e“tf” -1)= — (" —1) = 00811

2. If the Runge-Kutta method of order 4 is used to approximate the solution
of the initial value problem

y' = cos(2t) +sin(3t), y(0)=1, 0<t <1,
with o = 0.25, then w(t;) is equal to,
(a) 1.3202
(b) 1.2735
(¢) 1.2179
(d) 2.9750
(e) 1.6537
Sol: wo =1, t, =0,t; = 1.25, f(t,y) = cos(2t) + sin(3t)
ki = hf(ty, wy) = 0.25(cos(0) + sin(0)) =0.25
3(0.25)

h kq
k, —hf(t0+ ,Wo + 2) —025(cos(025)+sm(

= 0.3338
> )

h k, 3(0.25)
ks = hf (to +2wo+ 2) — 025 (cos(o 25) + sm( )) — 0.3338
3(0.25
k, = hf(t;,wy + k3) = 0.25(cos(0.25) + sin( ( > )) = 0.3898

1 1
w1 = wo + = (ks + 2k, + 2ks + k) = 1+ 2(0.25 + 2(0.3338) + 2(0.3338) + 0.3898) = 1.3292



3. The linear system

2r1 + 6axry = 4,
ary +3xy, = 6,

has a unique solution for any value of o except,

(a) =
(b) a=1
(¢c) a=—-1
(d) a=3
(e) a==+1
a 2 6a 4
Sol: (czz 63a|2) —fit ke (3 —3o?za+ 3 —2;+ 6 ~ (0 —3(a® - 1)|-2(a - 3))

The system has a unique solution if & # +1.
Ifa =1, then 0x, = 4, no solution.
If « = —1, then 0x, = 8, no solution.

4. The row interchanges required to solve the linear system,

5171 + T9 — G;I‘g = 7
2;’171 + XT9 — T3 = 8
G;I‘l + 121"2 +x3 = 9

using partial pivoting are,

(a) Interchange rows 1 and 3, then rows 2 and 3
(b) Interchange rows 1 and 2, then rows 2 and 3
(c¢) Interchange rows 1 and 3 only
(d) Interchange rows 2 and 3 only
(e) No row interchange required for partial pivoting
5 1 -6|7 6 12 119
Sol: (2 1 -1 8) max{5, 2, 6} = 6,in R;, Interchange R; < Rj. (2 1 -1 8>
6 12 119 5 1 =617
1 12 1
- §R1 + R, 0 —3

9
4
—3|° max{|—3|,]1-9|} =9, inR;, Interchange R, < R;
4

gtk \o -9 -T2



5. If the matrix A =

Uy
and U = 0
0
(a) 12
(b) 16
(c) 6
(d) 10
(e) 14
_gRl + R2
_gRl + R2

6. Consider the linear system,

2 -1 1 1 0 0
3 3 9 |iswrittenas LU whereL = | I, 1 0
335 la I3 1
us
us |, then l1 + lo + [3 + uy + us + ug is equal to,
”

-1 1 1
5 13 254 3
2 2| —R,+R; [0 > 3= U L=]|2
> 2 0 0 -4 ;
2 2 2

L+ 0L+ +u, +us + 3 +1+ 2 + 4
U+ Us+HUusg=5+= —+—=——4=
Try — Io = 2
201 + 229+ 323 = -1
—x1 +3x9+ 23 = 4

If the coefficient matrix A is factorized as LU and LY = b is solved for

Y —

= )

[E
N

NIRr W O

Y1
Yo |. Then the sum of y1. y2, y3 is equal to,
Y3
a) 5.5
h) 8.5
c) 2.5
d) 6
e) 6.5
1 -1
1 -1 0 1 -10
—2R, +R
2 2 3 R1R1043‘=>—§R2+R304
-1 3 2 PR lo 2 2 0 0
; (1) 8 Y1 2
LYy=»b = 1 V2| = =1, »1=2 y2=-5 y3=—
-1 - 1|3 4
2
vty = 2 5_{_17_11_55
Vi TY2T Y3 = Ty Ty T

17
2



1 2 1 4
7.1fA=1| =2 4 5 | andb= | 3 |, then ||A]|; + [|b]|2 is equal to,
2 3 1 0

(a) 14

(b) 16

(c) 9

(d) 10

(e) 12
Sol: ||All; = max{|1| + |=2[ + |2, |2] + [4]+[3], |1]+ [5] + |1]} = max{5,9,7} =9

IIbll, =V4%>+32+0%2=v25=5
lAlly + lIbll; =9+ 5 = 14
8. If A= L2 tl Allo is al t
A=1|5 | then | Al is equal to

(a) 5

(b) 4

(c) 6

(d) 13

(e) 25
Sol:

ra_ 1 2171 21_[5 101 [5-4 10 |_ . _ e a o
ata=; 11 4_[10 20], |1o Jo 4] = (B=M(20-1) 100 =22 - 251 =0
A=0, 25

lAll, = V25 =5



9. If the following system is solve using the Jacobi method with initial guess
x = [0,0,0]
21’1 —+ 19 — 31’3 =
x1 — 3ry + 13 —
321+ 229 + 23 =

then ;r(f) + .'rg) + Igz) is equal to
(a) &
(h) &
(c) 2
(d) ¥
(e) 22
xV =2(6-x +3x”) =3(6-0+0) =3
. 1
Sol: xgl):—5(9—x§0)—x§0)):—5(9—0_0):_
V= 2-3x-2xY = 2-0-0 =2
1
@ _ = (1) (1
%! —2(6 + 3} ) (6+3+6) -
1 4
@_ Yo o . 1o o oy 4
x? = 3(9 P —x{V) = 3(9 3-2) =3

xP=2-3xP-2xM=2-9+6=-1

@ 4,00 1B 4 3
273 6

10. If the following system is solve using the Gauss-Siedel method with initial
guess x = [1,2, 3]
xr1 — T + 31’3 = =2
21‘1 +T9 — 23 = 3
31‘1 -+ 2;['2 + @3

Il
o~

then ;ril) —+ ;rél) —+ ;rél) is equal to
(a) —2

(h) 2

(c) 3

(d) 4

(e) =3

M =244 -3x¥ =-2+2-9=-9
sol: xP=3-2xM+x” = 341843 =24, -9+24-17=-2
xP =432 —2xV =4 427 -48=-17



air  a12  a13 as1 a3z ass
11. If A = (o]  (oa (o3 and PP A = a11  a1s a3 |, then the

a31 0«32 a33 (91 G99 (93
permutation matrices P, and P are,

0 0 1 1 00
(a) A=10 1 0 |and B=]0 0 1
| 1 0 0 01 0
[0 1 0] 1 0 0]
by A=]1 0 0|andPR=]0 0 1
(000 1 001 0
[1 0 0] [0 0 1]
(¢c) A=]0 0 1 |landP=|0 1 0
| 01 0 10 0
[0 0 1] 1 0 0]
(d)P=]01 0]andP,=]0 1 0
| 1 0 0 | |0 0 1 ]
[ 1 0 0] [0 1 0]
(e) PA=10 1 0flandPRB=|1 0 0
(000 1 000 1

Sol: (a)

12. If the following system is solved using the Conjugate Gradient method
with two-digit rounding and x(© = [0,0]7,

5
.E1+§IQ = E
R R
T3 Ty

then x*) is equal to,

(a) [0.69, 0.76]"

(b) [0.96, 0.89]"

(¢) [0.54, 0.92]T

(d) [0.89. 0.95]"

(e) [0.50, 0.33]T

: © — [0 © —p— 4x©® = p = [0:83 @ — p — [0:83
Sol: Letx [0] then r b — Ax b [0.92] and v r 0_92]

0.83
RORMON [0.83 09215, 15 15

b= (vD), Av(l)) 0.83 1.3 ] ~18 =083

1
[0.83 0'92][0.5 033”092 [0.83 0.92] ]y,

0 s = 0w 05



13. If Pi(x) = a+ bz with b = 0.5 is the linear least square polynomial for the
data,
(0,1), (1,0), (2.2), (3,), (4,2),

then P;(2.5) is equal to,

(a) 1.85
(b) 3.00
(c¢) 1.29
(d) 2.02
(e) 1.95
Sol: Here b = 0.5
Xi Yi Xlz XiYi
0 1 0 0
1 0 1 0
2 2 4 4
3 o 9 3a
4 2 16 8
10 | 5+a | 30 | 1243 «
5a+10b =5+« 5a +10(0.5) =5+« N Sa—a=0 o4 =5g
10a + 30b =12 + 3« 10a + 30(0.5) =12 + 3« 10a — 3a = —3

10a —15a=-3 = -5a=-3 = a=06a=3.
P,(x) =0.6+0.5x, P,;(2.5)=0.6+0.5(2.5)=1.85

3 3 2 -1
14. Ifthe vector V= | —8& | isan Eigenvectors of thematrix A= | 1 -2 3 |,
—1 2 0 4
then the corresponding eigenvalue is,
(a) —2
(b) 3
(c) 4
(d) 2
(e) —3
3 2 1113 9-16+1 —6 3
Sol: AV =4V = (1 -2 3 ||-8|=|3+16-3|=|16|=—-2(-8
2 0 4 11-1 6+0—4 2 -1

So, the corresponding eigenvalue is 1 = —2



