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1. Which one of the following functions does not satisfy a Lipschitz condition on the

domain D

(a) f(t,y) =ylny+ton D={(t,y)| 0<t<1, 0<y<1} _ (comect)
(b) ft.y) =+ 1)y’ on D={(t,y)] —1<t<1, —-1<y<1}

(c) f(t,y) =e'sinyon D ={(t,y)] 0<t<2, —7w<y<m}

(@) flt.y) =7 on D={(ty) 0<t<3 —2<y<2}

() flt,y)=ye’ +t2on D={(t,y)] —1<t<1, —-1<y<1}

2. Consider the initial value problem
y =1y -+t 0<t<l, h=0.2, y(0) = 1,

with exact solution y(t) = 5e*/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.267390 (correct)
(b) 0.714785
(¢) 0.506500
)
)

(d) 0.419500
(e) 0.801250
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3. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution

1 1 1
P = SgeBt S8t ot
y(t) = gte™ = opet 4 one

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

a
b
c

d

e

0.0891 (correct)
0.0972
0.0792
0.0642
0.0312

—" — N~ =

~/

4. Consider the initial value problem
y=y—t>+1, 0<t<2,  y0) =05 h=0.1.

If the fourth—order Runge-Kutta method is used to approximate the solution, then
y(0.2) ~

(a) 0.8292983 (correct)
(b) 1.2140869
(c) 1.0150701
(d) 1.2056345
(e) 0.6574145
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5. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,

T+ X9 = 3.

Then, x1 4+ z9 + 23 =.

3.875 (correct)
3.5

4.000

3.625

3.750

a

o

C

d

N~
— N N N

—~
@

6. Consider the linear system
—6LE1 — 12.%’2 — X3 — —9,

2x1+x2—m3 :8,
53}1 + 12332 +x3 = 7.

Let RZ(.k) denote the i-th row of the augmented matrix at stage k of Gaussian elim-
ination and let R" « R;k) denote an interchange of the i-th and j-th rows. The

i
row interchanges required to solve the system by partial pivoting are

a) No row interchanges required in stages 1 and 2 (correct)

b) Stage 1: Rgl) “ Ri(,)l), Stage 2: Rg) > R;(f)

(c) Stage 1: No row interchanges, Stage 2: Réz) < RéQ)

(d)
)

(
(

d) Stage 1: Rgl) > Rél), Stage 2: No row interchanges
(e) Stage 1: Rgl) > Rél), Stage 2: Rg) “ R:(f)
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7. 1f
a1l 0 c 01
A=1|b 2 3|, find the permutation matrix P such that PA= |b 2 3
c 01 a1l 0
The matrix P is
[0 0 1]
(a) 010 (correct)
1 0 0]
[0 1 0]
(b) [T 00
0 0 1]
(1 0 0
(¢) [0 10
0 0 1]
[0 1 0]
(d) [0 0 1
1 0 0]
[0 0 1]
(e) |1 00
0 1 0]
8. Let
3
_ |4 4
X = 0 e R™.
3
2
Which statement about the norms of x is correct?
(a ‘XHQ > HX”oo (correct)
(b) [Ix[l2 < [[x/loc

() [[x[l2 + [[x[loc <9

) |
) |
(e) lIxll2 = [1x[loo
) |
(e) |

[x[[2 = [|%[oc > 9
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9. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U3
A= 2 2 3| = 621 1 0 0 U922 U923
-1 3 2 531 532 1 0 0 Uuss

\ . g
~" ~"

L U

Compute f39 + uss.

(a) 1 (correct)
(b) 2
(c) 1/2
(d) 0
(e) 3/2
10. Find the ||A|| of the matrix
2 -1 0
A=|-1 2 -1
0 -1 2
a (correct)
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11. For the linear system Ax = b with
1 23 1
A=12 34|, b=|-1],
346 2
—0.2
an approximate solution is x = | —7.5|. Compute ||AX — b||.
5.4
(a) 0.3 (correct)
(b) 0.4
(c) 0.2
(d) 0.5
(e) 0.1
12. Let
2 —1
A= [_ S ] |
Find the spectral radius p(A).
(a) 3 (correct)
(b) 2
(c) 1
(d) 4
(e) 5
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13. Let x(M) and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10.%1 — X9 = 9,
—x1+ 1029 — 223 =7,
— 25[22 + 10373 = 0.

Then HX(Q) — X(l)H =

oo

0.31 (correct)

14. Consider the system

4x1+x2—x3:5,
—x1 + 319 + x3 = —4,
2331 —|-25L‘2+5563 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.250000000, —0.9166666667, 0.0666666667)" (correct)
(b) (1.4958333333, —0.8569444444, —0.0555555556)"

(¢) (0.9000000000, 0.7000000000, 0.6000000000)"

(d) (1.2500000000, —1.3333333333, 0.2000000000)"

(¢) (1.4000000000, —0.9000000000, 0.0000000000)"
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1. For the linear system Ax = b with

1
A=2
3

O I N
S = W
o
I
|
—_

—0.2

an approximate solution is x = | —7.5|. Compute ||AX — b||.

5.4

2. Consider the initial value problem

/

y :t€3t_2y, 0<t<1, y(0) =0, h = 0.5,

with exact solution

1 1 1
1) = =t 3t~ 3t T 7215-
y(t) = gte™ = ope + ope

If the midpoint method is used to approximate the solution, then the absolute error

att =1 1s

0.0642
0.0312
0.0792
0.0972
0.0891

a
b
c

d

e

N -~ N
— N N N N

~/~
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3. Consider the linear system

—6:131 — 123}2 — X3 = —9,
2x1 + x9 — 13 =8,
5%1 + 12.%‘2 + T3 — 7.

Let ng) denote the i-th row of the augmented matrix at stage k of Gaussian elim-

ination and let ng) R](-k) denote an interchange of the i-th and j-th rows. The
row interchanges required to solve the system by partial pivoting are

a) Stage 1: No row interchanges, Stage 2: RéQ) R:(f)

(
(b) No row interchanges required in stages 1 and 2

d) Stage 1: Rgl) <—> Rgl), Stage 2: RY & Rgf)

)

)
(c) Stage 1: Rgl) “ Rél), Stage 2: Rg) “ R:(f)
(d) 2
)

(e) Stage 1: Rgl) <o Rél), Stage 2: No row interchanges

4. Which one of the following functions does not satisfy a Lipschitz condition on the

domain D

(a) f(t,y) =ylny+ton D={(t,y)] 0<t<1, 0<y<l1}

0) fty) = 7o D={(ty)l 0<r<3 —2<y<2)

(¢) f(t,y) =e'sinyon D={(t,y)] 0<t<2 —7<y<m}

(d) fty)=E+ Dy’ on D={(t,y)| —-1<t<1, -1<y<l1}
() flt,y)=ye’ +t2on D={(t,y)] —1<t<1, —-1<y<1}
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5. Let
2 -1
A_[_l 2].

Find the spectral radius p(A).

6. Consider the system

4$1+$2—I‘3:5,
—x1 4+ 319 + 13 = —4,
2:61 +2$2+5[C3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess

x( = (0,0,0)t, is x(1) =

(a) (0.9000000000, 0.7000000000, 0.6000000000)"
) (

(¢) (1.250000000, —0.9166666667, 0.0666666667)"
(d) (1.4000000000, —0.9000000000, 0.0000000000)"
(e) (1.2500000000, —1.3333333333, 0.2000000000)"

1.4958333333, —0.8569444444, —0.0555555556)t
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7. Consider the initial value problem
y=1y+t, 0<t<1,  h=02  y(0)=1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.506500
(b) 0.419500
(c) 0.801250
(d) 0.267390
(e) 0.714785

8. Find the ||Al|» of the matrix

2 =1 0
A=|-1 2 -1
0 -1 2

(a) 2
(b) 12
(c) 4
(d) 11
(e) 1
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9. Let x™ and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10.%1 — X9 = 9,
—x1+ 1029 — 223 =17,
— 25[22 + 105133 = 0.

Then HX(Q) — X(l)H =

oo

10. Let

—4
= R*.
X 0 -
3
2

Which statement about the norms of x is correct?

(a) [1x[l2 + [[x[[ec <9
(b) [1x[l2 < [/l
(©) lIxll2 > lIxllo
() [Ix[l2 = [[x[loc >9
(e) lIxll2 = lIxllo
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11. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,

1+ X9 = 3.

Then, x1 4+ z9 + 23 =.

(a) 3.750

(b) 3.625

(c) 4.000

(d) 3.875

(e) 3.5

12. If

a 10 c 01

A=1|b 2 3|, find the permutation matrix P such that PA= |b 2 3
c 01 a 10

The matrix P is

100
(a) |01 0
0 0 1
0 1 0]
(b) [0 0 1
10 0
[0 0 1]
(c) [1 00
010
[0 0 1]
(d) [0 10
100
0 1 0]
(e) |1 00
0 0 1
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13. Consider the initial value problem
y=y—t'+1, 0<t<2  y0)=05  h=0.L

If the fourth—order Runge—Kutta method is used to approximate the solution, then
y(0.2) ~

(a) 0.8292983
(b) 0.6574145
(c) 1.2140869
(d) 1.0150701
(e) 1.2056345

14. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U13
A= 2 2 3| = 621 1 0 0 U922 U923
-1 3 2 631 632 1 0 0 Uuss

\ . g
~" ~"

L U

Compute f39 + us;.

a) 3/2
b) 0

(a)
(b)
(c) 1/2
(d)

)

d) 2
(e) 1
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1. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,

T+ X9 = 3.

Then, x1 4+ z9 + 23 =.

3.5

3.875
3.750
3.625
4.000

b
c

d

— N N N

2. Consider the initial value problem
y=y—t>+1, 0<t<2,  y0)=05  h=01

If the fourth—order Runge—Kutta method is used to approximate the solution, then
y(0.2) =

(a) 0.8292933
(b) 1.2056345
(c) 0.6574145
(d) 1.2140869

)

(e) 1.0150701
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3. Which one of the following functions does not satisfy a Lipschitz condition on the
domain D

—ye +PonD={(t,y)] —-1<t<1, —-1<y<1)}

Y
T 1ae on D={(t,y)] 0<t<3, —-2<y<2}

)
)
)=#+1yPon D={(t,y)] —1<t<1, —-1<y<1}
)
)

=e'sinyon D={(t,y)] 0<t<2, —7w<y<nm}
=ylny+ton D={(t,y)] 0<t<1, 0<y<1}

4. Consider the initial value problem
y=4y+t, 0<t<1l,  h=02  y0)=1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.801250
(b) 0.714785
(c) 0.419500
(d) 0.267390

)

(e) 0.506500
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5. Let x and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10.%1 — X9 — 9,
—x1+ 1029 — 223 =17,
— 25[22 + 105133 = 0.
Then HX(Q) — X(l)Hoo =
(a) 0.21
(b) 0.06
(c) 0.12
(d) 0.31
(e) 0.14
6. Let
2 -1
A= [_ S ] .
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7.1t

A=

o o R
o N =
L O
— N O
O W =

0
31, find the permutation matrix P such that PA =
1

The matrix P is

(e)

VS

(@)

N—
cor—~ oo oo o~ o oo
OO OO0 OO, RPOoOO OF O
—_ OO RFO0OO0 O, O OO0, OO

8. Consider the system

4$1+ZE2—£C3=5,
—x1-|-3x2—|—x3: —4,
2x1 + 229 + bz = 1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( =(0,0,0)t, is x(V) =

(a) (1.4958333333, —0.8569444444, —0.0555555556)"
(b) (1.250000000, —0.9166666667, 0.0666666667)"
(¢) (0.9000000000, 0.7000000000, 0.6000000000)"
(d) (1.4000000000, —0.9000000000, 0.0000000000)"
(e) (12500000000, —1.3333333333, 0.2000000000)"
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9. Find the [|A||» of the matrix

2 =1 0
A=1-1 2 -1
0 -1 2

10. Consider the initial value problem
y = te — 2y, 0<t<1, y(0) =0,

with exact solution

1 1 1
P = SpeBt S8t
y(t) = gte™ = gpe 4 5pe

If the midpoint method is used to approximate the solution, then the absolute error

att=11s

0.0891
0.0972
0.0312
0.0792
0.0642

a
b
c

d

e

—" — N~ ~—

~~
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11. Let

12.

3
X = —4 c R*.

0
3
2

Which statement about the norms of x is correct?

(a) |

(b) |

(©) lIxll2 = [I1x[loc > 9
) |
) |

[xl[2 < [/l

[x[2 > [|x][o

(d
(e

[x[l2 =[xl

[x[l2 + [|1%[oc <9

Consider the linear system

—6[131 — 12562 — X3 — —97
2331—|—£C2—333 :8,
5x1 + 1229 + 23 = 7.

Let RZ(.k) denote the i-th row of the augmented matrix at stage k& of Gaussian elim-
ination and let ng) > R§k) denote an interchange of the i-th and j-th rows. The
row interchanges required to solve the system by partial pivoting are

Stage 1: Rgl) N R;gl), Stage 2: Rg) “ RéQ)
b) Stage 1: No row interchanges, Stage 2: Rg) > R:(f)

)
)
(c) Stage 1: R§” > Rg,)l), Stage 2: No row interchanges
(d) No row interchanges required in stages 1 and 2

)

(e) Stage 1: Rgl) < Rgl), Stage 2: RéQ) — Rgf)
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13. For the linear system Ax = b with

1
A=2
3

O I N
S = W
o
I
|
—_

—0.2
an approximate solution is x = | —7.5|. Compute ||AX — b||.
5.4

14. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U13
A= 2 2 3| = £21 1 0 0 U929 U923
-1 3 2 631 632 1 0 0 Us3

A e
~" ~"

L U

Compute f39 + uss3.
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1. Consider the system

4$1+$2—l‘3:5,
—x1 4+ 319 + 13 = —4,
2:61 —|-2.CE'2—|—5£C3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.2500000000, —1.3333333333, 0.2000000000)t
(

) (
b) (1.4958333333, —0.8569444444, —0.0555555556)t
(c) (0.9000000000, 0.7000000000, 0.6000000000)t
(d) (1.250000000, —0.9166666667, 0.0666666667)t
(e) (1.4000000000, —0.9000000000, O.OOOOOOOOOO)t
2. If
a 10 c 01
A=1b 2 3], find the permutation matrix P such that PA= [b 2 3
c 01 a 10

The matrix P is

—

(@)

N—
— oo —mood o~ o0 oo - o~ o
OO OO, BP0 OO OO —
OO, OO OO0, HFOO R OO
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3. Find the [|A||» of the matrix

2 =1 0
A=1-1 2 -1
0 -1 2

(a) 1
(b) 2
(c) 12
(d) 4
(e) 11

4. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

T, — To + T3 = 2,
3r1 — 319 + 13 = —1,

T+ T2 = 3.

Then, x1 4+ 29 + 23 =.
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5. Consider the initial value problem
y=y—-t"+1, 0<t<2  y0)=05 h=0L

If the fourth—order Runge—Kutta method is used to approximate the solution, then
y(0.2) ~

(a) 1.2056345
(b) 0.6574145
(c) 1.2140869
(d) 0.8292983
(e) 1.0150701

6. Consider the initial value problem
y =1y +t, 0<t<l1, h=0.2, y(0) =1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.267390
(b) 0.419500
(c) 0.801250
(d) 0.506500
(e) 0.714785
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7. Consider the linear system

—6:131 — 123}2 — X3 = —9,
2x1 + x9 — 13 =8,
5%1 + 12.%‘2 + T3 — 7.

Let ng) denote the i-th row of the augmented matrix at stage k of Gaussian elim-

ination and let ng) R](-k) denote an interchange of the i-th and j-th rows. The
row interchanges required to solve the system by partial pivoting are

(a) Stage 1: Rﬁ” “ Rél), Stage 2: RéQ) — Réz)

(b) Stage 1: Rgl) & Rél), Stage 2: Rg) & Réz)

(c) Stage 1: Rgl) “ R:(,)l), Stage 2: No row interchanges

(d) Stage 1: No row interchanges, Stage 2: Réz) < R:(f)
)

(e) No row interchanges required in stages 1 and 2

8. Let xM and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10331 — T9 = 9,
—x1 + 1029 — 223 = 7,
— 229 + 1023 = 6.

Then HX(Z) — X(l)H =

oo
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9. Let

—4
= R*.
X 0 -
3
2

Which statement about the norms of x is correct?

(a) [Ix[l2 < lIxlls
(b) [Ix[l2 + l[xlloc <9
(¢) lIxllz = [[xlloc > 9
(d) [Ix[[2 > [[x[lo
() lIxllz = [|x[[o
10. Let
2 —1
A= [_1 : ] |

Find the spectral radius p(A).
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11. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution

1 1 1
5 = DpeBt S8t
y(t) = gte™ = opet 4 one

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

0.0312
0.0891
0.0792
0.0642
0.0972

a
b
c

d

e

—" — N~ =

~/~

12. Which one of the following functions does not satisfy a Lipschitz condition on the

domain D

(a) f(t,y) =e'sinyon D={(t,y)] 0<t<2, —7m<y<m}

(b) f(t,y) =+ 1Dy’ on D={(t,y)| —-1<t<1, —-1<y<1}
Y

Hﬂﬂtw=1+ﬁ0nD={@w|0§t§& —2<y<2}

(d) f(t,y) =ylmy+ton D={({ty)| 0<t<1, 0<y<1}

(e) ft,y) =ye’ +ton D={(t,y)] —1<t<1, —1<y<1}
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13. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U3
A= 2 2 3| = 621 1 0 0 U922 U923
-1 3 2 531 632 1 0 0 Uuss

\ . g

~" ~"

L U

Compute f39 + us33.

(a) 1
(b) 0
(c) 3/2
(d) 2
(e) 1/2

14. For the linear system Ax = b with

123 1
A=12 34|, b=]|-1],
346 2
—0.2
an approximate solution is x = | —7.5|. Compute ||AX — b|| .
5.4
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Check that this exam has 14 questions.

Important Instructions:

1. All types of calculators, smart watches or mobile phones are NOT allowed during the examination.
2. Use HB 2.5 pencils only.
3. Use a good eraser. DO NOT use the erasers attached to the pencil.

4. Write your name, ID number and Section number on the examination paper and in the upper left
corner of the answer sheet.

5. When bubbling your ID number and Section number, be sure that the bubbles match with the
numbers that you write.

6. The Test Code Number is already bubbled in your answer sheet. Make sure that it is the same as
that printed on your question paper.

7. When bubbling, make sure that the bubbled space is fully covered.

8. When erasing a bubble, make sure that you do not leave any trace of penciling.
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1. Let
2 —1
A_[_l 2].

Find the spectral radius p(A).

2. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U13
A= 2 2 3| = 621 1 0 0 U929 U923
-1 3 2 631 632 1 0 0 Uuss

A 7

L U

Compute f39 + uss.
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3. Consider the linear system

—6:131 — 123}2 — X3 = —9,
2x1 + x9 — 13 =8,
5%1 + 12.%‘2 + T3 — 7.

Let ng) denote the i-th row of the augmented matrix at stage k of Gaussian elim-

ination and let ng) R](-k) denote an interchange of the i-th and j-th rows. The
row interchanges required to solve the system by partial pivoting are

(a) Stage 1: Rﬁ” < Rél), Stage 2: No row interchanges
(b) No row interchanges required in stages 1 and 2

(c) Stage 1: Rgl) “ Rél), Stage 2: Rg) “ R:(f)

(d) Stage 1: Rgl) > Rél), Stage 2: Réz) > Rgf)

)

e) Stage 1: No row interchanges, Stage 2: R? « RY
( 2 3

4. Which one of the following functions does not satisfy a Lipschitz condition on the

domain D

(a) f(t,y) =¢€'sinyon D={(t,y)] 0<t<2, —a<y<m}

(b) ft,y)=ye’ +t*on D={(t,y)] —1<t<1, —-1<y<1}
() fty) =+ Dy’ on D={(t,y)] —-1<t<1, -1<y<1}
(d) f(t,y) =ylny+ton D={(t,y) 0<t<1, 0<y<l1}

() ft.y)=—2sonD={(t,y)| 0<t<3, —2<y<2}

1+1¢2
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5. Find the [|A||» of the matrix

2 —1 0
A=1]-1 2 -1
0o -1 2
(a) 1
(b) 2
(c) 12
(d) 11
(e) 4
6. Let
3
_ |4 4
X = 0 € R*.
3
2

Which statement about the norms of x is correct?

(a) [1xll2 = [1x[loc > 9
(b) [1x[l2 = [/l

(e) lIxll2 < [1x[loo

(d) |

(e) |

[x[[2 > [[x[]oc

[x[[2 4 [[x[Joc <9
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7. Let xV) and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10.%1 — X9 = 9,
—x1+ 1029 — 223 =17,
— 25[22 + 105133 = 0.

Then HX(Q) — X(l)H =

oo

8. For the linear system Ax = b with

1 23 1
A= 12 3 4 s b=|-1 )
346 2
—0.2
an approximate solution is x = | —7.5|. Compute ||AX — b||.
5.4
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9. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,

T+ X9 = 3.

Then, x1 4+ z9 + 23 =.

10. Consider the initial value problem
y=y—t>+1, 0<t<2,  y0)=05  h=01

If the fourth—order Runge—Kutta method is used to approximate the solution, then
y(0.2) =

(a) 1.2140869
(b) 1.0150701
(c) 0.8292983
(d) 1.2056345

)

(e) 0.6574145
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11. Consider the system

4$1+$2—l‘3:5,
—x1 4+ 319 + 13 = —4,
2:61 —|-2.CE'2—|—5£C3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.250000000, —0.9166666667, 0.0666666667)t
(

) (
b) (1.2500000000, —1.3333333333, 0.2000000000)t
(c) (1.4958333333, —0.8569444444, —0.0555555556)t
(d) (0.9000000000, 0.7000000000, 0.6000000000)t
(e) (1.4000000000, —0.9000000000, O.OOOOOOOOOO)t
12. If
a 10 c 01
A=1b 2 3], find the permutation matrix P such that PA= [b 2 3
c 01 a 10

The matrix P is

—

(@)

N—
— o0 o~ o0 oo oo~ o~ o
OO~ mOO OO OO OO —
OO OO, OO0 HFOO H OO
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13. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution

1 1 1
5 = DpeBt S8t
y(t) = gte™ = opet 4 one

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

0.0891
0.0312
0.0642
0.0972
0.0792

a
b
c

d

e

—" — N~ =

~/~

14. Consider the initial value problem
y':%y—kt, 0<t<1, h=0.2, y(0) =1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.714785
(b) 0.419500
(c) 0.506500
(d) 0.801250
(e) 0.267390
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Check that this exam has 14 questions.

Important Instructions:

1. All types of calculators, smart watches or mobile phones are NOT allowed during the examination.
2. Use HB 2.5 pencils only.
3. Use a good eraser. DO NOT use the erasers attached to the pencil.

4. Write your name, ID number and Section number on the examination paper and in the upper left
corner of the answer sheet.

5. When bubbling your ID number and Section number, be sure that the bubbles match with the
numbers that you write.

6. The Test Code Number is already bubbled in your answer sheet. Make sure that it is the same as
that printed on your question paper.

7. When bubbling, make sure that the bubbled space is fully covered.

8. When erasing a bubble, make sure that you do not leave any trace of penciling.
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1. Consider the initial value problem
y =1y +t, 0<t<l, h=0.2, y(0) = 1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.267390
(b) 0.714785
(c) 0.801250
(d) 0.506500
(e) 0.419500

2. Consider the linear system
—6%1 — 12562 — T3 = —9,

2561—|—3?2—£E3 28,
5r1 + 1209 + 23 = 7.

Let ng) denote the ¢-th row of the augmented matrix at stage k of Gaussian elim-
ination and let R™ <« Rﬁk) denote an interchange of the i-th and j-th rows. The

i
row interchanges required to solve the system by partial pivoting are

(a) No row interchanges required in stages 1 and 2

(b) Stage 1: Rgl) & Rél), Stage 2: Rg) & R:(f)

(c) Stage 1: Rgl) > Rél), Stage 2: No row interchanges
(d) Stage 1: No row interchanges, Stage 2: RéQ) < Réz)
(e) Stage 1: Rgl) > Rél), Stage 2: Réz) “ Réz)
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3. Let
14 4
X = 0 c R*.
3
2

Which statement about the norms of x is correct?

(a) |
(b) |
c) [Ixl2 > [1x[loc
) |
) |

[%[l2 = [Ix]loc > 9
[xl2 < %l

(
(d
(e

[x[l2 =[xl

[x[l2 + [I1%[oc <9

4. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

T1 — o+ 313 = 2,
3r1 — 3xy + 13 = —1,
T+ T2 = 3.

Then, T+ T2 + T3 =.

3.750
4.000
3.875
3.5

3.625

a
b

C

/N~ TN
N— N N N

~/

e
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5. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution
1 1 1
P = Sgedt g3ty 2
y(t) = gte” = 5+ 5pc

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

0.0891
0.0972
0.0792
0.0642
0.0312

a
b
c

d

e

—" — N~ =

~/~

6. Let x™) and x be the first and second iterates, respectively, of the Jacobi method
with x(® = (1,0, =1)T for the system

101‘1 — X9 = 9,
—x1+ 1029 — 223 =17,
— 2%2 + 10.%3 = 6.

Then HX(Q) — X(l)H =

oo
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7. Consider the system

4$1+$2—l‘3:5,
—x1 4+ 319 + 13 = —4,
2:61 —|-2.CU2—|—5II?3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.4958333333, —0.8569444444, —0.0555555556)"
(b) (1.2500000000, —1.3333333333, 0.2000000000)"
(¢) (0.9000000000, 0.7000000000, 0.6000000000)"
(d) (1.250000000, —0.9166666667, 0.0666666667)"
(¢) (1.4000000000, —0.9000000000, 0.0000000000)"

8. Which one of the following functions does not satisfy a Lipschitz condition on the

domain D

(a) f(t,y):(tQ—I—l)y?’OHD:{(t,y)’ —1<t<1, —-1<y<l1}
(b) f(t,y) =ylny+ton D={(t,y) 0<t<1, 0<y<l1}
() ftby) =ye” +¥ on D={(t,y)] —-1<t<1, —-1<y<1)
(@) f(t.y) = o on D={(ty)] 0<t<3 —2<y<2)

) f(t,y)

t,y)=c'sinyon D={(t,y)] 0<t<2 —7w<y<m}
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9. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U3
A= 2 2 3| = 621 1 0 0 U922 U923
-1 3 2 531 632 1 0 0 Uuss

\ . g

~" ~"

L U

Compute f39 + us33.

10. Find the ||A|| of the matrix

2 -1 0
A=|-1 2 -1
0 -1 2
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11. For the linear system Ax = b with

1
A=2
3

O I N
S = W
o
I
|
—_

—0.2

an approximate solution is x = | —7.5|. Compute ||AX — b||.

5.4

12. Let
2 —1
A [_1 2].

Find the spectral radius p(A).
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13. If

A=

o o R
o N =
L O
— N O
O W =

0
31, find the permutation matrix P such that PA =
1

The matrix P is

VS

(@)

N—
oo —moo0o oo oo~ o~ o
CoO— OO OO, O, O — OO
—_— OO0 OO0, O, O RFOO OO M

14. Consider the initial value problem
y=y—t>+1, 0<t<2,  y0)=05  h=01

If the fourth—order Runge-Kutta method is used to approximate the solution, then
y(0.2) ~

(a) 1.0150701
(b) 1.2056345
(c) 0.6574145
(d) 0.8292983
(e) 1.2140869
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Check that this exam has 14 questions.

Important Instructions:

1. All types of calculators, smart watches or mobile phones are NOT allowed during the examination.
2. Use HB 2.5 pencils only.
3. Use a good eraser. DO NOT use the erasers attached to the pencil.

4. Write your name, ID number and Section number on the examination paper and in the upper left
corner of the answer sheet.

5. When bubbling your ID number and Section number, be sure that the bubbles match with the
numbers that you write.

6. The Test Code Number is already bubbled in your answer sheet. Make sure that it is the same as
that printed on your question paper.

7. When bubbling, make sure that the bubbled space is fully covered.

8. When erasing a bubble, make sure that you do not leave any trace of penciling.
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1. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution

1 1 1
5 = DpeBt S8t
y(t) = gte™ = opet 4 one

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

0.0972
0.0642
0.0312
0.0891
0.0792

a
b
c

d

e

—" — N~ =

~/~

2. For the linear system Ax = b with

123 1
A=1234|, b=|-1],
346 2
—0.2
an approximate solution is x = | —7.5|. Compute ||AX — b||.
5.4
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3. Consider the linear system
—6:131 — 123}2 — X3 = —9,

2x1 + x9 — 13 =8,
51‘1 + 1255‘2 —|—ZE'3 =1.

Let ng) denote the i-th row of the augmented matrix at stage k of Gaussian elim-

ination and let ng) R](-k) denote an interchange of the i-th and j-th rows. The
row interchanges required to solve the system by partial pivoting are

(a) Stage 1: Rﬁ” > Rél), Stage 2: RéQ) > Réz)
(b) Stage 1: Rgl) < Rél), Stage 2: No row interchanges
(c) Stage 1: Rgl) “ Rél), Stage 2: Rg) > R§2)
(d) No row interchanges required in stages 1 and 2
)

(e) Stage 1: No row interchanges, Stage 2: Rg) <o Réz)

4. Use the LU Factorization Algorithm to factor

1 =10 10 O |uir up us
A= 2 2 3| = 621 1 0 0 U929 U923
-1 3 2 631 532 1 0 0 uss

b U

Compute f39 + uss3.
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5. Let
2 -1
A_[_l 2].

Find the spectral radius p(A).

6. Consider the initial value problem
Y =3y+t, 0<t<1, h=0.2, y(0) =1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.801250
(b) 0.506500
(c) 0.419500
(d) 0.267390
(e) 0.714785
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7. Let xV) and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10.%1 — X9 = 9,
—x1+ 1029 — 223 =17,
— 25[22 + 105133 = 0.

Then HX(Q) — X(l)H =

oo

8. Let

—4
= R*.
X 0 -
3
2

Which statement about the norms of x is correct?

() [Ix[l2 = [1x[]oc
(b) [1x[l2 = [[x[Joc >9
(©) lIxll2 + [Ix[loc <9
() [1x[l2 > [/l
(e) lIxll2 < lIxllo



Page 5 of 7 CODEO06

251, Math 371, Major Exam II

9. Which one of the following functions does not satisfy a Lipschitz condition on the

domain D

(a) f(t,y) = (> + 1)y’ on D = {(t,7)| 1<t<1, —-1<y<1}
(b) fty) =7z onD=A{{ty] 0<t<3, -2s<y<?2}

(c) f(t,y) =e'sinyon D={(t,y)] 0<t<2 —7w<y<m}
() f(t,y) =ylmy+ton D={(ty)] 0<t<1, 0<y<1}
() flt,y) =ye" +ton D={(t,y)] —1<t<1, —-1<y<1}

10. Find the ||A||e of the matrix

2 -1 0
A=1-1 2 -1
0 -1 2
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11. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,

1+ X9 = 3.

Then, x1 4+ z9 + 23 =.

(a) 3.5

(b) 3.875

(c) 3.625

(d) 4.000

(e) 3.750

12. If

a 10 c 01

A=1|b 2 3|, find the permutation matrix P such that PA= |b 2 3
c 01 a 10

The matrix P is

001
(a) |1 00
010
[0 0 1]
b) [0 10
100
(0 1 0]
(¢c) [0 0 1
100
(0 1 0]
d [1 00
00 1
(1 0 O]
(e) [0 10
00 1
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13. Consider the system

4$1+$2—l‘3:5,
—x1 4+ 319 + 13 = —4,
2:61 —|-2.CU2—|—5II?3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.4000000000, —0.9000000000, 0.0000000000)"
(b) (1.2500000000, —1.3333333333, 0.2000000000)"
(¢) (0.9000000000, 0.7000000000, 0.6000000000)"
(d) (1.4958333333, —0.8569444444, —0.0555555556)"
(e) (1.250000000, —0.9166666667, 0.0666666667)"

14. Consider the initial value problem
y=y—t*+1, 0<t<2  y0)=05 h=0.1.

If the fourth—order Runge-Kutta method is used to approximate the solution, then
y(0.2) ~

(a) 1.2056345
(b) 0.6574145
(c) 1.0150701
(d) 0.8292983
(e) 1.2140869
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Check that this exam has 14 questions.

Important Instructions:

1. All types of calculators, smart watches or mobile phones are NOT allowed during the examination.
2. Use HB 2.5 pencils only.
3. Use a good eraser. DO NOT use the erasers attached to the pencil.

4. Write your name, ID number and Section number on the examination paper and in the upper left
corner of the answer sheet.

5. When bubbling your ID number and Section number, be sure that the bubbles match with the
numbers that you write.

6. The Test Code Number is already bubbled in your answer sheet. Make sure that it is the same as
that printed on your question paper.

7. When bubbling, make sure that the bubbled space is fully covered.

8. When erasing a bubble, make sure that you do not leave any trace of penciling.
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1. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U3
A= 2 2 3| = 621 1 0 0 U922 U923
-1 3 2 531 632 1 0 0 Uuss

\ . g

~" ~"

L U

Compute f39 + us33.

2. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,

T+ X9 = 3.

Then, 1 + x5 + z3 =.
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3. Consider the initial value problem
y=y—-t"+1, 0<t<2  y0)=05 h=0L

If the fourth—order Runge—Kutta method is used to approximate the solution, then
y(0.2) ~

(a) 0.6574145
(b) 1.0150701
(c) 1.2140869
(d) 1.2056345
(e) 0.8292983

4. Which one of the following functions does not satisfy a Lipschitz condition on the
domain D

=+ 1)y’on D={(t,y)] —-1<t<1, -1<y<1}

)
=1Lz on D={(t,y)] 0<t<3, —-2<y<2}

Y)
Y)
) =ylny+ton D={(t,y)] 0<t<1, 0<y<1}
Y)
Y)

=e'sinyon D={(t,y)] 0<t<2, —7w<y<n}
—ye + P on D={(t,y) —-1<t<1, —-1<y<1}



251, Math 371, Major Exam II Page 3 of 7

5. Find the [|A||» of the matrix

2 —1 0
A=1]-1 2 -1
0o -1 2
(a) 1
(b) 12
(c) 2
(d) 4
(e) 11
6. Let
3
_ |4 4
X = 0 c R,
3
2

Which statement about the norms of x is correct?

(a) [lxll2 + lIxflec <9
(b) lixll2 > [/l
(©) lIxll2 = [[x[[oc >9
(d) [1x[l2 < [/l
(e) lIxll2 = [Ix[loc
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7.1t

A=

o o R
o N =
L O
— N O
O W =

0
31, find the permutation matrix P such that PA =
1

The matrix P is

VS

(@)

N—
— oo co~r o~ o '—moo o~ o
OO OO PO OFRO OO —
OH O P00 OO, OO0 HOO

8. Consider the initial value problem
y=ly+t, 0<t<1l, h=02, y0)=1,

with exact solution y(t) = 5e!/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.506500
(b) 0.714785
(c) 0.267390
(d) 0.801250
(e) 0.419500
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9. Consider the linear system

—6:131 — 123}2 — X3 = —9,
2x1 + x9 — 13 =8,
5%1 + 12.%‘2 + T3 — 7.

Let ng) denote the i-th row of the augmented matrix at stage k of Gaussian elim-

ination and let ng) R](-k) denote an interchange of the i-th and j-th rows. The
row interchanges required to solve the system by partial pivoting are

a) Stage 1: Rﬁ” “ Rél), Stage 2: RéQ) “ Réz)

(
(b) Stage 1: Rgl) < Rél), Stage 2: Rg) “ Réz)

(2)

)
)
(c) Stage 1: Rgl) > R:(,)l), Stage 2: No row interchanges
(d) Stage 1: No row interchanges, Stage 2: Réz) < R;
)

(e) No row interchanges required in stages 1 and 2

10. For the linear system Ax = b with

123 1
A=|2 34|, b=|-1],
346 2
—0.2
an approximate solution is x = | —7.5|. Compute ||AX — b||.
5.4
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11. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution
1 1 1
P = Sgedt g3ty 2
y(t) = gte” = 5+ 5pc

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

0.0972
0.0312
0.0642
0.0792
0.0891

a
b
c

d

e

—" — N~ =

~/~

12. Let
2 —1
=127

Find the spectral radius p(A).
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13. Consider the system

4$1+$2—l‘3:5,
—x1 4+ 319 + 13 = —4,
2:61 —|-2.CU2—|—5II?3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.4958333333, —0.8569444444, —0.0555555556)"
(b) (0.9000000000, 0.7000000000, 0.6000000000)"

(¢) (1.4000000000, —0.9000000000, 0.0000000000)"
(d) (1.250000000, —0.9166666667, 0.0666666667)"
(e) (1.2500000000, —1.3333333333, 0.2000000000)"

14. Let xM and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

105171 — X9 = 9,
— T + 101’2 - 2373 = 7,
— 2x9 + 1023 = 6.

Then HX(Q) — X(I)H =

.¢]
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1. Use the LU Factorization Algorithm to factor

1 -1 0 1 0 O U1 U2 U3
A= 2 2 3| = 621 1 0 0 U922 U923
-1 3 2 531 632 1 0 0 Uuss

\ . g
~" ~"

L U

Compute f39 + us33.

(a)
(b)
()
(d) 1/2
(e) 3/2

2. Consider the initial value problem
y=y—t"+1, 0<t<2  y(0)=05  h=0.L

If the fourth—order Runge—Kutta method is used to approximate the solution, then
y(0.2) =

(a) 0.8292933
(b) 1.2140869
(c) 1.0150701
(d) 1.2056345
(e) 0.6574145
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3. Consider the initial value problem

/

y =t —2y,  0<t<1l, y(0)=0, h=0.5,

with exact solution

1 1 1
5 = DpeBt S8t
y(t) = gte™ = opet 4 one

If the midpoint method is used to approximate the solution, then the absolute error
at t =11s

0.0642
0.0972
0.0792
0.0891
0.0312

a
b
c

d

e

N -~ N~

~/~

4. Which one of the following functions does not satisfy a Lipschitz condition on the
domain D

=ylny+ton D={(t,y)] 0<t<1, 0<y<1}

)
=T on D={(ty) 0<t<3 —-2<y<2}

)
)
)=+ 1)y on D={(t,y)] —-1<t<1, —-1<y<1}
)
)

=e'sinyon D={(t,y)] 0<t<2, —7w<y<n}
—ye + 8 on D={(t,y) —-1<t<1, -1<y<1}
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5. Find the [|A||» of the matrix

2 =1 0
A=1-1 2 -1
0 -1 2

(a) 12
(b) 1
(c) 11
(d) 4
(e) 2

6. Consider the linear system

—6561 — 123}2 — T3 = —9,
2x1 + x9 — 13 =8,
556‘1 + 1255‘2 + T3 — 7.

Let ng) denote the ¢-th row of the augmented matrix at stage k of Gaussian elim-
ination and let ng) R](.k) denote an interchange of the i-th and j-th rows. The

row interchanges required to solve the system by partial pivoting are

(a) Stage 1: Rﬁ” < Rél), Stage 2: No row interchanges
(b) Stage 1: Rgl) < Rél), Stage 2: Rg) “ Réz)

(c) No row interchanges required in stages 1 and 2

(d) Stage 1: No row interchanges, Stage 2: RéQ) “ Réz)
(e) Stage 1: Rgl) > Rél), Stage 2: Réz) “ Réz)
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7. Let xV) and x® be the first and second iterates, respectively, of the Jacobi method
with x(©) = (1,0, —1)T for the system

10.%1 — X9 = 9,
—x1+ 1029 — 223 =17,
— 25[22 + 10373 = 0.

Then HX(Q) — X(l)H =

oo

N

I
o o Q
O N =

0 c 01
31, find the permutation matrix P such that PA= [b 2 3
1 a 10

The matrix P is

/

@)

N—
— oo —mocoo o~ o co - o~ o
OO OO, PO OO OO =
OO, OO OO0 HFOO H OO
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9. Let
2 -1
A_[_l 2].

Find the spectral radius p(A).

10. Consider the initial value problem
Y =3y+t, 0<t<1, h=0.2, y(0) =1,

with exact solution y(t) = 5e/? — 2t — 4. If Euler’s method is used to approximate
the solution, then the least bound for |y(1) — ws| is

(a) 0.267390
(b) 0.714785
(c) 0.801250
(d) 0.506500
(e) 0.419500
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11. Use the Gaussian Elimination Algorithm (exact arithmetic, no rounding) to solve

r1 — To + T3 = 2,
3r1 — 3x9 + 13 = —1,
T+ X9 = 3.

Then, x1 4+ z9 + 23 =.

12. For the linear system Ax = b with

123 1
A=12 34|, b=|-1],
346 2
—0.2
an approximate solution is x = | —=7.5|. Compute ||[AX — b||.
5.4
(a) 0.5
(b) 0.2
(c) 0.1
(d) 0.4
)
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13. Let
X = —4 c R*.

0
3
2

Which statement about the norms of x is correct?

(a
(b

) 1x[l2 = fIxfloc > 9
) |
(©) lIxll2 + [Ix[loo <9
(d) |
) |

[x[2 > [|x][o

d
(e

[x[l2 =[xl

[xl[2 < [/l

14. Consider the system

4x1—|—x2—x3:5,
—x1 + 319 + x3 = —4,
2:61 —|-2£L‘2—|—5£l?3 =1.

The first iterate of the Gauss-Seidel method in solving the system with initial guess
x( = (0,0,0)t, is x(1) =

(a) (1.2500000000, —1.3333333333, 0.2000000000)"
(b) (1.4958333333, —0.8569444444, —0.0555555556)"
(¢) (1.4000000000, —0.9000000000, 0.0000000000)"
(d) (0.9000000000, 0.7000000000, 0.6000000000)"

) (

(e) (1.250000000, —0.9166666667, 0.0666666667)t



’ Answer KEY ‘

10

11

12

14

13

Math 371, 251, Major Exam II

12

13

10

14

14

10

11

12

13

11

14

14

13

13

12

14

10

12

14

10

13

Q || MASTER | CODEO1 | CODEO2 | CODEO3 | CODEO4 | CODEO5 | CODEO6 | CODEO7

10
11
12
13
14




Math 371, 251, Major Exam II

Answer KEY ‘

Q [ MASTER | CODEOS
1 A A,
2 A A,
3 A D,
4 A A,
5 A D .
6 A C .
7 A C .
8 A E .
9 A A .
10 A A,
11 A D,
12 A E .,
13 A B .
14 A E .




’ Answer Counts ‘

Answer Counts

Math 371, 251, Major Exam II

6|4
3|4

713

41413

0
2

0

1

2
2

3

2

3

VIA|B|C|D|E




