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SSSKKK���
1. ò22

7 Ú355
113�Ǳπ�Cq�§§��kA k�êi§ýéØ��Ú�éØ���´õ�º))): ©OO���,

22
7 = 3.14285714285714 · · · ,

355
113 = 3.14159292035398 · · · ,

π = 3.14159265358979 · · · .Ïd,
∣

∣

∣

22
7 − π

∣

∣

∣
≈ 0.0012644892563 ≤ 2 × 10−3,

∣

∣

∣

355
113 − π

∣

∣

∣
≈ 2.66764189× 10−7 ≤ 3 × 10−7,¤±2 × 10−3Ú3 × 10−7�±©O�Ǳ§��ýéØ�.§§��k3 Ú7 k�êi"Ó�Ǳk:

∣

∣

∣

∣

22

7
− π

∣

∣

∣

∣

π
≤ 5 × 10−4 Ú ∣

∣

∣

∣

355

113
− π

∣

∣

∣

∣

π
≤ 9 × 10−8,

5 × 10−4Ú9 × 10−8�±�Ǳ§���éØ�."
2. �,Ý/��Ú°�Ǳ100cmÚ50cm, AÀ^��ǱÝ´õ��ÿþóäâ�±¦¡ÈØ�Ø�L0.15cm2.))): �À^��ǱÝ´xcm�ÿþóä§KÝ/��Ú°Ø�ÑØ�Lx

2cm"d�§¡ÈØ��Ǳ:

100 × 50 −
(

100 ± x

2

)(

50 ± x

2

)

.TL�ªýé����Ǳ150 × x
2 −

(

x
2

)2

, e�¦§Ø�L0.15, Ñ�²��§��x = 0.002.

3. �x∗Ǳx�Cqê§y² n
√

x∗��éØ���Ǳx∗��éØ�� 1
n.))): |^TaylorÐm, ·�kµ

n
√

x∗ = n
√

x +
1

n

n
√

x

x
(x∗ − x) − n − 1

n2

n
√

ξ

ξ2 (x∗ − x)2 ,
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Ù¥ξ ux∗Úx�m"XdKkµ
n
√

x∗ − n
√

x
n
√

x
=

1

n

x∗ − x

x
− n − 1

n2

n

√

ξ

x
ξ2 (x∗ − x)2 ,Ñ�²��=y�(Ø"

4. MatLab���2:êǱ1.7977e + 308, Á�Ñ��ÊH��{¦e��«m�¥:: [1e − 8, 4e + 3], [1e + 308, 1.5e + 308], [−1.4e + 308, 1.4e + 308]. (J«µ;�þÄ)))): |^úªa + b
2 O�¥:§�a, b©O�þãn�«m�à:�§�±w�1�Ú1n«m�±�~/O�Ñ¥:§�1��«mO��¬�)þÄ"ù�ÄÑ´ÏǱaÚbÑ´é���§ÄkO��´üê�\§,�2Ø±2"e�Äúªa + b − a
2 §aq�?Ø�±��§O�1n�«m�¥:�¬�)þÄ"·��Ñ±e��dúªµ

a

2
+

b

2TúªO�þãn�~f�ÑØ¬�)þÄ"(��\/�Ä§�±w��a,

býé�Ñé��§�¡�ü�úªÑk�U�)eÄ§l
¦O�Ñ�¥:¢SþǱ«m��à:½�:"~X§«mǱ[1.0e − 308, 1.01e − 308]§�´ù«�¹3�{¥Ï~é�Ñy")

5. b�\��)«m[a, b]¥n�©:§�3e¡�ü«�ª¥À�«§¿é���Ü·�~f`²Ù¥��Oµ
x0 = a, xk = xk−1 + h, k = 1, · · · , nÚ

xk = a + kh, k = 0, · · · , nÙ¥h = b − a
n .))): ~X�a = 0, b = 8, n = 9. ^ü«�ª§·��±O�ÑeL(^MatLab)

2
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xk+1 = xk + h xk = a + kh

0 0

8.888888888888888e-001 8.888888888888888e-001

1.777777777777778e+000 1.777777777777778e+000

2.666666666666667e+000 2.666666666666667e+000

3.555555555555555e+000 3.555555555555555e+000

4.444444444444445e+000 4.444444444444445e+000

5.333333333333334e+000 5.333333333333333e+000

6.222222222222223e+000 6.222222222222221e+000

7.111111111111113e+000 7.111111111111111e+000

8.000000000000002e+000 8.000000000000000e+000�±w�1�«�ª'1�«5�O("ù´ÏǱ1�«�ª¢Sþ´��\\�L§§N´ÚåØ��\È"MatLab�·- x=a:h:b ½ x=a+(0:n)*h Ñ´^1�«�ª¢y�"aq��±w�ü�O��ªØ���~f��±k§~X(a, b, n) = (0, 1, 10)"
function ex15

format long e

a = 0;

b = 8;

n = 9;

h = (b-a)/n;

x(1) = a;

y(1) = a;

for j = 1:n,

x(j+1) = x(j) + h;

y(j+1) = y(1) + j*h;

end

[x’,y’,(a:h:b)’,a+(0:n)’*h]

6. Ñ\���
A, éA�1��Ó�N�, ¦�A�éÆ�Uýé�l����^Sü�"))): ·��±^Xe��ª¢y§
[u,v] = sort(-abs(diag(A)));

A = A(v,v);

3

    课后答案网：www.hackshp.cn 
若侵犯了您的版权利益，敬请来信告知！ 

  
课
后
答
案
网
 

ww
w.
ha
ck
sh
p.
cn
 



Ù¥A´�½��
"sort¼ê�£���þ�l����üS9Ùü�S��©þ3��þ¥� �"·��I�ù� �Ò�±éA?1­#üS"1�1��{´MatLabAk�§ù«�{¿�X·��±�¿�k5Æ/N^A�1�)¤#�Ý
"�,§·�Ǳ�±^{üüS{?1Xeö�(Ǳ,¿Øí��[ùo^)

n = size(A,1);

for i = 1:n-1,

for j = i+1:n,

if abs(A(i,i)) < abs(A(j,j)),

A(:,[i,j]) = A(:,[j,i]);

A([i,j],:) = A([j,i],:);

end

end

endÙ¥§AÝ
�1���EÎ´�Ù¦O�Å�óØÓ�µùp·�ØI���Cþ"
7. ���þx = (x1, x2, . . . , xn)�Euclide�ê½ÂǱµ

‖x‖ =

(

n
∑

i=1

x2
i

)
1
2Á��§SO�§¿`²XÛ;�þÄÚk³�eÄ"))): ·�5¿�§�ê�±48N^Xe

(

n
∑

i=1

x2
i

)
1
2

=











√

√

√

√

n−1
∑

i=1

x2
i





2

+ x2
n







1
2

,½UìMatLabPÒ
‖x‖ =

∥

∥

(

‖x(1 : n − 1)‖, x(n)
)∥

∥ ,¤±�I�?Øü�©þ��þ¦�ê�¯K"éux = (x1, x2)§�±k�5�z§=Ø±��~ê¦U���©þǱ1"Ø��Ǳx1, ·��±¦(1, x2
x1

)��ê2¦±|x1|"(XJT�þ�"§Kx1�"")48N^§¿�¤Xe§Sµ
4
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function s = nrmv(x)

x = abs(x(x~=0));

n = length(x);

if n==0,

s = 0;

elseif n==1,

s = abs(x);

else

scale = 0;

ssq = 1;

for j = 1:n,

if (scale<x(j)),

ssq = 1 + ssq * (scale/x(j))^2;

scale = x(j);

else

ssq = ssq + (x(j)/scale)^2;

end

end

s = scale * sqrt(ssq);

end¯¢þ§ù�§S´dBLAS�¥�dnrm2§SU��§T§SǱ´MatLab¦�ê�§S�
§S"'uù�^�����\�0�§�±���Õ http://www.netlib.org/blas/dnrm2.f.

8. ���§S¦)���g�§ax2 + bx + x = 0��§�±À^IO�¦�úªx = −b ±
√

b2 − 4ac
2a ½ÙC/ x = 2c

−b ∓
√

b2 − 4ac
. §S7L±n�XêǱÑ\ëê§¿�£ü����"�Äa = 0½c = 0��¹§¿ée��~f¦)µ

a b c

6 10 -4

6e+154 10e+154 -4e+154

0 1 1

1 -1e+5 1

1 -4 3.999999

-1e155 -7e155 1e+155

5
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))): ùp·��5¿n�¯K"Äk§¦�úª¥km�Ò"aquc�K§k�Ub2 − 4ac¬�)þÄ��ª��¿Ø�)þÄ"�éù«�¹§·��±é�§�Xê?18�z§=r�§�XêÑØ±Ó��ê¦�U����ê�Ǳ1"Ùg´'u¦��°Ý�¯K"�c = 0½Ù§¦��ªÚb��é�C��¹§ü�¥k��¬Ñyü��C�ê�~�$�§T��k�êiÒ¬b~"d��±|^,	��¦�úª¦�ù��"(½ö�±|^��(Vieta)½n") ��§I�?na = 0½b = 0��/"�ª§SXeµ
function [x,flag] = root2qe(a,b,c)

if nargin==1,

c = a(3); b = a(2); a = a(1);

end

if a~=0, % Solve 2-order equation

M = max(abs([a,b,c])); % scaling

a = a/M; b = b/M; c = c/M;

s = sign(b);

if s==0, s = 1; end

x1 = (-b-s*sqrt(b^2-4*a*c))/2/a;

x2 = c/(a*x1); % avoid large error

x = [x1 x2]’;

flag = ’two solutions’;

elseif b~=0, % Solve 1-order equation

x = - c/b;

flag = ’one solution’;

elseif c~=0, % nonzero constant

x = [ ];

flag = ’no x is a solution’;

else % equality 0=0

x = [1];

flag = ’all x are solutions’;

end¦��)XeLµ

6
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a b c x1 x2

6 10 -4 -2.00000000000000 0.33333333333333

6e+154 10e+154 -4e+154 -2.00000000000000 0.33333333333333

0 1 1 -1

1 -1e+5 1 99999.9999900000 0.0000100000

1 -4 3.999999 2.00100000000007 1.99899999999993

-1e155 -7e155 1e+155 -7.14005494464026 0.14005494464026

9. O�Xe�4íê�x1 = 1
3 , x2 = 1

12 , xk+1 = 2.25xk − 0.5xk−1. ù�ê��Ï�úªǱxk = 41−k

3 §´��î�4~S�"^4íúªO�¬Ñy�oy�º¿`²�Ï"(J«µ�Ä4íúª3?ÛÐ©�e�Ï))))): |^e¡�A1MatLab�é§�±O�Ñù�ê�����
x(1) = 1/3;

x(2) = 1/12;

for k = 3:200,

x(k) = 2.25*x(k-1) - 0.5*x(k-2);

endù�ê��c60�^·- plot(x(1:60)) x¤ò�ãXe(exÑ�õ�§X200�§Ð©�A�Czª³ÒwØ�Ù
")¯¢þ§éu?¿~êc1, c2§
0 10 20 30 40 50 60

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Ï�úªxk = c14
−k + c22

k÷v4í'X"|^ü�Ð©��±Xe¦)~êc1, c2:






c14
−1 + c22 = 1

3
c14

−2 + c22
2 = 1

12

7
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=¦�c1 = 4
3Úc2 = 0. �´§3O�ÅSÜ§1

3Ú 1
12´ØU°(/���"�é{ù§·�½Â�ê��´xk = c14

−k + c22
k§�ØLc1 = 4

3(O�ÅSÜ�4
3)
c2´����~�C"�ê"�kv
�¦�c22

kØU
��Ñ�§·�Ò�±*	�§lù�km©§��ê�m©4O§ÏǱc22
k3xk�'­�5��§
c14

−k �5��"
10. �k64 2:XÚ§�êÎÒÓ1 §�êê�Ó52 §�èÎÒÓ1 §�è�êÓ10 "�í�dXÚe¢ê�2:L«U
kõ� k�êi§^§L«�êkõ���éØ�.§TXÚ�þÄ.ÚeÄ.´õ�º))): TXÚe¤kê(Ø"	)�±�¤Xe/ªµ

±2p × (0.α1α2α3 · · ·α52)2 , |p| ≤ 210 − 1, p ∈ Z, αj ∈ {0, 1} .Ù¥§ZL«�ê8§α1 ≡ 1§�êÓ10 "�¢êx 3Åì¥�2:L«Ǳfl (x), Ù�éØ�÷vµ
|er| =

∣

∣

∣

∣

x − fl (x)

fl (x)

∣

∣

∣

∣

≤ 2p−1−52

2p−1 = 2−52 ≈ 10−15.6,þªL²TXÚ�¢êk15�16 k�êi"TXÚ¤UL«�ýé���êǱ2210−1 ≈ 10308§¤UL«�ýé�����"�êǱ2−(210−1) ≈ 10−308"ÏdXÚ�þÄ.ÚeÄ.©OǱ10308Ú10−308.SSSKKK���
1. �kêâL(L2-9).

x sin x cos x

0.70 0.6442176872 0.7648421872

0.71 0.6518337710 0.7583618759L2-9^�5��éÑsin 0.705Úcos 0.702�Cq�"))): k¦sin 0.705�Cq�"^�5��úªk
L1(x) = x − 0.70

0.71 − 0.70 × 0.6518337710 + x − 0.71
0.70 − 0.71 × 0.6442176872

= 0.76160838x + 0.1110918212

8
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òx = 0.705�\§=�
sin 0.705 ≈ L1(0.705) = 0.6480257291.2¦cos 0.702�Cq�"^�5��úªk

L1(x) = x − 0.70
0.71 − 0.70 × 0.7583618759 + x − 0.71

0.70 − 0.71 × 0.7648421872

= −0.64803113x + 1.2184639782òx = 0.702�\§=�
cos 0.702 ≈ L1(0.702) = 0.76354612494.

2. �½¼ê�¼êL(L2-10).

x 0.4 0.5 0.6 0.7

sin x 0.38942 0.47943 0.56464 0.64422L2-10Á©O^�5����g��¦sin0.57891�Cq�"))): �!:x0 = 0.5, x1 = 0.6, ^�5��úªk
L1(x) = x − 0.5

0.6 − 0.5 × 0.56464 + x − 0.6
0.5 − 0.6 × 0.47943

= 0.8521x + 0.05338òx = 0.57891�\§=�
sin 0.57891 ≈ L1(0.57891) ≈ 0.54667.aq/§3ÆÔ�����!:x0 = 0.5, x1 = 0.6, x3 = 0.7, ¤�sin 0.57891�Cq�Ǳ

sin 0.57891 ≈ L2(0.57891)

=
(0.57891 − 0.6) × (0.57891 − 0.7)

(0.5 − 0.6) × (0.5 − 0.7)
× 0.47943

+
(0.57891 − 0.5) × (0.57891 − 0.7)

(0.6 − 0.5) × (0.6 − 0.7)
× 0.56464

+
(0.57891 − 0.5) × (0.57891 − 0.6)

(0.7 − 0.5) × (0.7 − 0.6)
× 0.64422

≈ 0.54714.

9
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XJ�!:x0 = 0.4, x1 = 0.5, x3 = 0.6, Ksin 0.57891�Cq�Ǳ
sin 0.57891 ≈ L2(0.57891)

=
(0.57891 − 0.5) × (0.57891 − 0.6)

(0.4 − 0.5) × (0.4 − 0.6)
× 0.38942

+
(0.57891 − 0.4) × (0.57891 − 0.6)

(0.5 − 0.4) × (0.5 − 0.6)
× 0.47943

+
(0.57891 − 0.4) × (0.57891 − 0.5)

(0.6 − 0.4) × (0.6 − 0.5)
× 0.56464

≈ 0.54707.

3. ��½ê�L(L2-11).

x 0 1 2 4 6

f(x) 1 9 23 3 259L2-11

(1) �EÑ�ûL¶
(2) ^Úî��õ�ª¦Ñf(4.2)�Cq�"))):

(1) �ûLǱ
xk f(xk) ���û ���û n��û o��û
0 1

8

1 9 3

14 -2.75

2 23 -8 1.875

-10 8.5

4 3 34.5

128

6 259

10
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(2) Úî��õ�ªǱ
N(x) = 1 + 8x + 3x(x − 1) − 2.75x(x − 1)(x − 2)

+1.875x(x − 1)(x − 2)(x − 4),rx = 4.2�\�
f(4.2) ≈ N(4.2) = 4.696.

4. õ�ªp(x) = x4 − x3 + x2 − x + 1ke��(L2-12).

x -2 -1 0 1 2 3

p(x) 31 5 1 1 11 61L2-12Áé�õ�ªq(x),§�e��(L2-13).

x -2 -1 0 1 2 3

q(x) 31 5 1 1 11 30L2-13))): dL2-12!L2-13��p(x)− q(x)��kx = 0,±1,±2Ê��§¤±��
p(x) − q(x) = Ax(x − 1)(x + 1)(x − 2)(x + 2),rx = 3�\§�A = 31

120, ¤±
q(x) = p(x) − 31

120
x(x − 1)(x + 1)(x − 2)(x + 2).

5. XÛ�äe¡�ê�L(L2-14)´Ä5g��ngõ�ªºÁ�)º"
x -2 -1 0 1 2 3

y 1 4 11 16 13 -4L2-14

11
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)))���: ?�Ù¥o:§Ø��x = −1, 0, 1, 2o:�Eng��õ�ª
L(x) = 4 + 7(x + 1) − x(x + 1) − x(x − 1)(x + 1).ÏǱ��õ�ª���5§¤±XJx = −2, 3ü:÷vy = L(x), @o�±�äù
ê�5gu��ngõ�ª§ÄKù
ê�Ø´5gu��ngõ�ª"rx = −2, 3�\y = L(x), ©O�y = 1,−4, ¤±ù
ê�(¢5gu��ngõ�ª")))���: �±�E�ûLXe

xk f(xk) ���û ���û n��û
-2 1

3

-1 4 2

7 -1

0 11 -1

5 -1

1 16 -4

-3 -1

2 13 -7

-17

3 -4ÏǱn��û´~ê§¤±§�5g��ngõ�ª"
6. XJ^��20g���õ�ª3[0, 2]þ%Ce−x, @o°(5XÛ?))): ��{�Ǳ

R20(x) =
f (21)(ξ)

21!

20
∏

k=0

(x − xk),Ù¥, f(x) = e−x, f (21)(x) = −e−x, ξ0u0�2�m"Äk§
|f (21)(ξ)| = |e−ξ| < 1.

12
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eb�!:x0, x1, · · · , x20´�å�§Kéuk 6= 10,

max
x

|(x − xk)(x − x20−k)| ≤ 1;�k = 10�k,

|x − x10| ≤ 1.u´
|R20(x)| <

1

21!
.Ïd§%C´�~°(�"

7. �^3«m[1, 2]þ10�þ!©Ù!:�Êg��õ�ª%C¼êf(x) = ln x, Ø�.´õ�º))): �x = x0 + th, Ù¥x0 = 1, h = 1
9 , 0 ≤ t ≤ 9. ��{�Ǳ

R(x) = R(x0 + th) =
f (10)(ξ)

10!
h10

9
∏

k=0

(t − k) = R̄(t),Ù¥§ξ0u1�2�m"ÏǱf(x) = ln x, f (10)(x) = − 9!
x10 , ¤±

|f (10)(ξ)| < 9!.u´
∣

∣R̄(t)
∣

∣ <
1

10 · 910

9
∏

k=0

|t − k| ≤ 4.59

10 · 910 =
1

10 · 210 .

8. �l0(x), l1(x), · · · , ln(x)´±x0, x1, · · · , xnǱ!:�ngÄ���õ�ª§y²
n
∑

i=0

xk
i · li(x) = xk, (k = 0, 1, 2, · · · , n).yyy: ÏǱ�>´±x0, x1, · · · , xnǱ!:�xk�ng��õ�ª¶m>xk��Ò´gC�ng��õ�ª"d��õ�ª���5���>�um>"

9. b�é¼êf(x)3Ú�Ǳh��å:þEL§�|f ′′(x)| ≤ M , y²µ3L¥?¿ü:m��5��§Ø�Ø�L1
8Mh2. �f(x) = sin(x), ¯hA�õ�âU�
13
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y�5���Ø�Ø�u1
2 × 10−6.yyy: �5��{�Ǳ

R(x) =
f ′′(ξ)

2!
(x − x0)(x − x1),XJxá3,ü��å!:x0Úx1m, K

|(x − x0)(x − x1)| ≤
1

4
(x1 − x0)

2.Ïd,

|R(x)| =
|f ′′(ξ)|

2!

1

4
(x1 − x0)

2 ≤ Mh2

8
.ef(x) = sin(x), ��|f ′′(x)| = | − sin(x)| ≤ 1, Ǳ�yØ�Ø�u1

2 × 10−6, Ú�h���÷vh2 ≤ 4 × 10−6, =h ≤ 2 × 10−3.

10. ®�f(x) = x8 + x5 − 32, ¦f [30, 31, · · · , 38], f [30, 31, · · · , 39].))): ÏǱéu?¿!:x0, x1, · · · , xnk
f [x0, x1, · · · , xn] =

f (n)(ξ)

n!
,Ù¥ξ´x0, x1, · · · , xn¤�¹«m¥���:"Ïd§

f [30, 31, · · · , 38] =
f (8)(ξ)

8!
= 1,¿�

f [30, 31, · · · , 39] =
f (9)(ξ)

9!
= 0.

11. �l0(x), l1(x), · · · , ln(x)´±x0, x1, · · · , xnǱ!:�ngÄ���õ�ª§én =

1���y
n
∑

i=0

li(x) = 1,,�é?¿n�ïáþã�ª"yyy: �n = 1�§l0(x) = x − x1
x0 − x1

, l1(x) = x − x0
x1 − x0

, ¤±l0(x) + l1(x) = 1¤á"éu?¿n, �ª�>�±w¤y = 1�ng��õ�ª§m>��Ò´gC�ng��õ�ª§d��õ�ª���5���>=m>"
14
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12. (½¦�´��ng�^¼ê§�∫ 2

0

[f ′′(x)]2dx��¶
f(x) =







3 + x − 9x3, 0 ≤ x ≤ 1,

a + b(x − 1) + c(x − 1)2 + d(x − 1)3, 1 ≤ x ≤ 2.))): duf(x)´ng�^¼ê§¤±7L÷v














f(1−) = f(1+)

f ′(1−) = f ′(1+)

f ′′(1−) = f ′′(1+)��














a = −5

b = −26

c = −27.ÏǱf ′′(x) = 2c + 6d(x − 1) = 6((x − 1)d − 9), d^�∫ 2

0

[f ′′(x)]2dx��§k
1

36

∫ 2

1

[f ′′(x)]2dx =

∫ 2

1

(x − 1)2d2 − 18(x − 1)d + 81dx =
1

3
d2 − 9d + 81,��z��d = 27

2 . ����
f(x) =







3 + x − 9x3, 0 ≤ x ≤ 1,

−5 − 26(x − 1) − 27(x − 1)2 + 27
2 (x − 1)3, 1 ≤ x ≤ 2.

13. ^)�éÑL2-15�g,ng�^��"
x 1 2 3 4 5

y 0 1 0 1 0L2-15))): |^g,�^�n�Ý�§"Äkkd1 = 6f [1, 2, 3] = −6, Ónd2 = 6,

d3 = −6. 'uëêM1, M2, M3�n�Ý�§Ǳ








2 1
2 0

1
2 2 1

2
0 1

2 2

















M1

M2

M3









=









−6

6

−6









,

15

    课后答案网：www.hackshp.cn 
若侵犯了您的版权利益，敬请来信告知！ 

  
课
后
答
案
网
 

ww
w.
ha
ck
sh
p.
cn
 



)ù��§|�
M1 = −30

7
, M2 =

36

7
, M3 = −30

7
.�£�^L�ª¥¥��

s(x) =



























−5
7(x − 1)3 + 12

7 (x − 1), x ∈ [1, 2]

−5
7(3 − x)3 + 6

7(x − 2)3 + 12
7 (3 − x) − 6

7(x − 2), x ∈ [2, 3]

6
7(4 − x)3 − 5

7(x − 3)3 − 6
7(4 − x) + 12

7 (x − 3), x ∈ [3, 4]

−5
7(5 − x)3 + 12

7 (5 − x), x ∈ [4, 5]

,½ö�¤Ú��/ª§�
s(x) =



























−5
7(x − 1)3 + 12

7 (x − 1), x ∈ [1, 2]

−11
7 (x − 2)3 − 15

7 (x − 2)2 − 3
7(x − 2) + 1, x ∈ [2, 3]

−11
7 (x − 3)3 + 18

7 (x − 3)2, x ∈ [3, 4]

5
7(x − 4)3 − 15

7 (x − 4)2 + 3
7(x − 4) + 1, x ∈ [4, 5]

.

14. éÑ!:−1, 0, 1þ�ng�^s¦�s′′(−1) = s′′(1) = 0, s(−1) = s(1) =

0Ús(0) = 1.))): M0 = s′′(−1) = 0, M2 = s′′(1) = 0, 2M1 = −6�M1 = −3. �£g,�^�úª��
s(x) =







−1
2(x + 1)3 + 3

2(x + 1), x ∈ [−1, 0],

−1
2(1 − x)3 + 3

2(1 − x), x ∈ [0, 1].�±w�, ù´��ó¼ê"OOO���ÅÅÅ¢¢¢SSSKKK
1. éÑ¼êarctanx3«m[1, 6]�11��å:þ���10gõ�ª§�<Ñù�õ�ª�Úî/ª¥�Xê"O�¿�<ù�õ�ª�arctanx��3«m[0, 8]�33��å:þ��"ddU�Ñ�o(Ø?))): ?§Xe§¿3ã¥��w«��õ�ªÚ¼êarctanx3�:þ��"

function ex215

n = 11;

x = linspace(1,6,n)’;

h = (6-1)/(n-1);

16
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y = atan(x);

% form the differences table

for j = 2:n,

y(1:n+1-j,j) = diff(y(1:n+2-j,j-1)) / ((j-1)*h);

end

% newton coeff

y = y(1,:);

format long e

fprintf(’\nthe coefficients of Newton interpolation is:\n\n’);

fprintf(’%12.9f ’,y);

pz = [ ];

v = linspace(0,8,33);

for t = v,

z = y(n);

for j = n-1:-1:1,

z = z * ( t - x(j) ) + y(j);

end

pz = [pz z];

end

plot(v,pz,’g*-’,v,atan(v),’b+:’);

fprintf(’\n xi p(xi) atan(xi) error\n’);

for j = 1:length(v),

fprintf(’%12.6f%12.6f%12.6f%12.6f\n’,...

v(j),pz(j),atan(v(j)),abs( pz(j)-atan(v(j)) ) );

end

0 1 2 3 4 5 6 7 8
−0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

lã�þ½l�<Ñ�êâ§Ñ�±w�3�5�«m[1, 6]¥§�!:þ��õ�ªÚ¼êarctanx����é�§
3«m	����"Ïd�±�Ñ(Ø: ��/§S���J�'	�Ð"
2. u��©¥�Ñ�û½�ûL�§S"~X§O�ÑL2-16��û§¿ddé

17
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ÑL2-16���õ�ª"
x 1 2 3 -4 5

y 2 48 272 1182 2262L2-16))): rÖþ�§S�Ǳ¶iǱchashang.m�©�§¿3·-1¥$1
>> x = [1 2 3 -4 5]’;

>> y = [2 48 272 1182 2262]’;

>> [p,q] = chashang(x,y)KXÚw«
p =

1 2 46 89 6 4

2 48 224 59 22 0

3 272 -130 125 0 0

-4 1182 120 0 0 0

5 2262 0 0 0 0Ú
q =

2 46 89 6 4¤±ù���õ�ªǱ
p(x) = 2 + 46(x − 1) + 89(x − 1)(x − 2) + 6(x − 1)(x − 2)(x − 3)

+4(x − 1)(x − 2)(x − 3)(x + 4)½
p(x) = (((4(x + 4) + 6)(x − 3) + 89)(x − 2) + 46)(x − 1) + 2.

3. ¦^«m[−5, 5]þ�21��å!:§éÑ¼êf(x) = (x2 + 1)−1�20���õ�ªp(x). �<Ñf(x)Úp(x)�ã/§*	f(x)Úg(x)��� �"))): ?§Xe:

18
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function y = ex217

n = 21;

x = linspace(-5,5,n)’;

h = (5-(-5))/(n-1);

y = 1./(1+x.^2);

% form the differences table

for j = 2:n,

y(1:n+1-j,j) = diff(y(1:n+2-j,j-1))./(x(j:n)-x(1:n+1-j));

end

% newton coeff

y = y(1,:);

pz = [ ];

v = linspace(-5,5,80);

for t = v,

z = y(n);

for j = n-1:-1:1,

z = z * ( t - x(j) ) + y(j);

end

pz = [pz z];

end

plot(v,pz,’r+-’,v,1./(1+v.^2),’g--’);K�±w�Xe�ã/: (m>�ã/´«m[−4, 4]þ�ã/) �±w�§«
−5 −4 −3 −2 −1 0 1 2 3 4 5

−60

−50

−40

−30

−20

−10

0

10

−4 −3 −2 −1 0 1 2 3 4
−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

m[−2.5, 2.5]�S�Ü©ü�¼ê�~�C§
�� �3±4.8NC,  ���60.

4. 3O�Åþ§é¯K3¦^�'ÈÅ!:xi = 5 cos(iπ/20), 0 ≤ i ≤ 20, éÑ¼êf(x) = (x2 + 1)−1�20���õ�ªq(x). �<Ñf(x)Úq(x)�ã/"d¯K3Ú¯K4 \U�Ñ�o(Ø?))): ?§��Irþ�K¥1n1�x = linspace(-5,5,n)’;UǱ
19
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x = 5*cos(pi/(n-1)*(0:n-1)’);$1��±w�Xeã/: �±w�¼ê%C��J��Ð"ù`²
�'È
−5 −4 −3 −2 −1 0 1 2 3 4 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Å!:�5��~Ð§��á½n3.49Ù��`².

5. éÑ¼êf(x) = (x2 + 1)−13«m[−5, 5]þ�41��å!:�ng�^¼ês(x),�<Ñf(x)Ús(x) �ã/"))): ´¦�f ′(x) = −2x
(1 + x2)2 , Ïdf ′(±1) = ∓0.5. ?§Xe§¿�lXe�ã/�±wÑng�^%C��JéÐ"

−5 −4 −3 −2 −1 0 1 2 3 4 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

function ex219

x = linspace(-5,5,41);

y = 1./(1+x.^2);

y = [0.5 y -0.5];

pp = csape(x,y,’complete’);

v = linspace(-5,5,100);

f = 1./(1+v.^2);

s = ppval(pp,v);

plot(v,f,’b-’,v,s,’g:’);SSSKKKnnn
20
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1. ¦e�¼ê3«m[−1, 1]þ��5�Z��%Cõ�ª:

(1) f(x) = x2 + 3x − 5;

(2) f(x) = ex.))): (1) f ′′(x) = 2 > 0½Ò. �-x1 = −1Úx3 = 1, Kf(x1) = −7Úf(x3) = −1.-f ′(x2) = 2x2 + 3 = (−1)−(−7)
1−(−1)

= 3, )�x2 = 0, f(x2) = −5. �:(x1, f(x1))Ú:(x2, f(x2))ë¤�ã�¥:Ǳ(x̄, ȳ),Kx̄ = (−1+0)/2 = −1
2
, ȳ = (−7−5)/2 =

−6. �5�Z��%C´��y + 6 = 3(x + 1
2
), =�5�Z��%Cõ�ªǱp1(x) = 3(x + 1

2
) − 6.

(2) f ′′(x) = ex > 0½Ò. �-x1 = −1Úx3 = 1, Kf(x1) = 0.36788Úf(x3) =

2.71828. -f ′(x2) = ex2 = 2.71828−0.36788
1−(−1)

= 1.17520, )�x2 = 0.16144, f(x2) =

1.17520. �:(x1, f(x1))Ú:(x2, f(x2))ë¤�ã�¥:Ǳ(x̄, ȳ), Kx̄ = (−1 +

0.16144)/2 = −0.41928, ȳ = (0.36788 + 1.17520)/2 = 0.77154. �5�Z��%C´��y − 0.77154 = 1.17520(x + 0.41928), =�5�Z��%Cõ�ªǱp1(x) = 1.17520x + 1.26567.

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
−8

−7

−6

−5

−4

−3

−2

−1

x
1

x
3

x
2

y=x2+3*x−5

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
0

0.5

1

1.5

2

2.5

3
y=exp(x)

x
1

x
3

x
2¼êx2 + 3x − 5Úex3[−1, 1]þ��5�Z��%C

2. -MÚm©O�LëY¼êf(x)3«m[a, b]þ����Ú���.y²f(x)3
[a, b]þ�"g�Z��%Cõ�ªp(x) = 1

2
(M + m).yyy²²²: d4«mþëY¼ê�5�, kx1, x2 ∈ [a, b]¦�f(x1) = m, f(x2) = M .K

f(x1) − p(x1) = −1

2
(M − m) Ú f(x2) − p(x2) =

1

2
(M − m)

21
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éu¤kx ∈ [a, b], |f(x) − p(x)| ≤ 1
2
(M − m), ¤±x1, x2´p(x)'uf(x)� �:. dChebyshev½n, p(x)´f(x)�"g�Z��%Cõ�ª.

3. Á©O¦¼êf(x) =
√

1 + x23«m[0, 1]þ��g�Z��%Cõ�ªÚ�g�Z²�%Cõ�ª.))): k¦�g�Z��%Cõ�ª.

f ′′(x) = 1
(1+x2)3/2 > 0½Ò"�-x1 = 0Úx3 = 1, Kf(x1) = 1Úf(x3) =

√
2.-f ′(x2) = x2√

1+x2
2

=
√

2−1
1−0

= 0.4142, )�x2 = 0.45509, f(x2) = 1.09868.�(x1, f(x1))Ú(x2, f(x2))¥:Ǳ(x̄, ȳ), Kx̄ = (0 + 0.45509)/2 = 0.227545, ȳ =

(1 + 1.09868)/2 = 1.04934. �5�Z��%C´��y − 1.04934 = 0.4142(x −
0.227545), =�5�Z��%Cõ�ªǱp1(x) = 0.4142x + 0.95514.¦�g�Z²�%Cõ�ªXe.-y = a + bx, K(a, b)T÷v�§





(1, 1) (1, x)

(x, 1) (x, x)









a

b



 =





(1, f)

(x, f)



 ,Ù¥?¿ü�¼ê�SÈǱ(f, g) =
∫ 1

0
f(x)g(x)dx. d=





1.0000 0.5000

0.5000 0.3333









a

b



 =





1.1478

0.4269



 .dþª)�a = 0.9343, b = 0.4269. �g�Z²�%Cõ�ªǱp1(x) =

0.4269x + 0.9343.

4. ¦¼êf(x) = sin(πx)3«m[0, 1]þ��g�Z²�%Cõ�ª.))): ��g�Z²�%Cõ�ªǱp2(x) = a + bx + cx2, PSÈ(f, g) =
∫ 1

0
f(x)g(x)dx, K(a, b, c)÷v









(1, 1) (1, x) (1, x2)

(x, 1) (x, x) (x, x2)

(x2, 1) (x2, x) (x2, x2)

















a

b

c









=









(1, sin(πx))

(x, sin(πx))

(x2, sin(πx)









,
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d=








1 1/2 1/3

1/2 1/3 1/4

1/3 1/4 1/5

















a

b

c









=









2/π

1/π

(π2 − 4)/π3









.dþª)�a = 12π2 − 20
π3 ≈ −0.050465, b = −60π2 − 720

π3 ≈ 4.1225, c = −b ≈
4.1225. Ïd�g�Z²�%Cõ�ªǱ

p2(x) = −0.050465 + 4.1225x− 4.1225x2.

5. ^���¦{§éÑ/Xy = ax2 + b�ÆÔ��§§¦��Z��Le�êâ(L3-7).

x -1 0 1

y 3.1 0.9 2.9L3-7))): {�§Ǳ




∑2
i=0 1

∑2
i=0 x2

i
∑2

i=0 x2
i

∑2
i=0 x4

i









b

a



 =





∑2
i=0 yi

∑2
i=0 x2

i yi



 ,=




3 2

2 2









b

a



 =





6.9

6



 ,)�a = 2.1, b = 0.9. ���¦¤��ÆÔ��§Ǳy = 2.1x2 + 0.9.

6. y²XJ^���¦{¦�^��[ÜêâL(xi, yi), @où^��7ÏL:(x∗, y∗), ùpx∗Úy∗©O´xiÚyi�²þ�"))): ���y = ax + b´^���¦{[ÜêâL(xi, yi)¤����§Ka, b¦�¼ê
f(a, b) =

∑

i

(yi − axi − b)2�����"-∂f
∂b

= 0, ��2
∑

i(yi − axi − b) = 0. ü>ÓØ±êâ��ên,Kk2(y∗ − ax∗ − b) = 0, =(x∗, y∗)3T��þ"�y"
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7. ®��N�Ê5ÝV�§ÝUìV = a + bT + cT 2Cz§|^L3-8�ê�§éÑa, bÚc��Z�"
T 1 2 3 4 5 6 7

V 2.31 2.21 1.80 1.66 1.55 1.47 1.41L3-8))): {�§Ǳ








∑7
i=1 1

∑7
i=1 Ti

∑7
i=1 T 2

i
∑7

i=1 Ti

∑7
i=1 T 2

i

∑7
i=1 T 3

i
∑7

i=1 T 2
i

∑7
i=1 T 3

i

∑7
i=1 T 4

i

















a

b

c









=









∑7
i=1 Vi

∑7
i=1 TiVi

∑7
i=1 T 2

i Vi









,=








7 28 140

28 140 784

140 784 4676

















a

b

c









=









12.41

45.21

214.67









,)�(a, b, c) = (2.6786,−0.3401, 0.0227),d=a, b, cëê��Z�"
8. éÑ/Xa sin πx + b cos πx�¼ê, ¦�3���¦�¿Âe[Üe¡ù
êâ::

x -1 −1
2 0 1

2 1

y -1 0 1 2 1L3-9))): {�§Ǳ




∑5
i=1 sin2 πxi

∑5
i=1 sin πxi cos πxi

∑5
i=1 sin πxi cos πxi

∑5
i=1 cos2 πxi









a

b



 =





∑5
i=1 yi sin πxi

∑5
i=1 yi cos πxi



 ,=




2 0

0 3









a

b



 =





2

1



 .)�(a, b) = (1, 1/3).
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OOO���ÅÅÅ¢¢¢SSSKKKnnn
1. [Ü/Xf(x) ≈ a + bx

1 + cx�¼ê��«¯��{´ò���¦{^ue�¯K:

f(x)(1 + cx) ≈ a + bx, Á^ù��{[Üe¡�Ñ�¥I<�êâ:gS c° <�(·)1�g 1953 5.821�g 1964 6.951ng 1982 10.081og 1990 11.341Êg 2000 12.66))): r�§f(x)(1+ cx) ≈ a+ bx?�ÚC/Ǳa+ bx− cxf(x) ≈ f(x),ù�Cq�§�±w¤Ä¼ê´1, x, −xf(x)
êâǱ(xi, f(xi))����¦[Ü¯K"?§Xe:

function [a,b,c]=ex39

x = [1953 1964 1982 1990 2000]’;

y = [5.82 6.95 10.08 11.34 12.66]’;

A = [ones(5,1) x -x.*y];

z = A\y;

a = z(1);

b = z(2);

c = z(3);

v = linspace(1953,2000,100);

plot(x,y,’b-+’,v,(a+b*v)./(1+c*v),’k-’);¦��)Ǳa = 2.9456, b = −0.0014, c = −0.00049560.

2. ®��N�L¡Üås´§ÝT��5¼ês = aT + b. é,«�NkL3-11�Á�êâ"Á^���¦{(½Xêa, b.

T 0 10 20 30 40 80 90 95

s 68.0 67.1 66.4 65.6 64.6 61.8 61.0 60.0L3-11))): ?§Xe
25
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function [a,b]=ex310

T = [0 10 20 30 40 80 90 95]’;

s = [68.0 67.1 66.4 65.6 64.6 61.8 61.0 60.0]’;

z = [T ones(8,1)]\s;

a = z(1);

b = z(2);

v = linspace(0,95,100);

plot(T,s,’b-+’,v,a*v+b,’k-’);¦�a = −0.0799Úb = 67.9593.SSSKKKooo
1. (½e�¦Èúª¥��½ëê§¦Ù�ê°Ý¦þp§¿�Ñ¤¦�¦Èúª��ê°Ýµ

(1)
∫ 2h

0
f(x) dx ≈ A0f(0) + A1f(h) + A2f(2h);

(2)
∫ 1

−1
f(x) dx ≈ A[f(−1) + 2f(x1) + 3f(x2)];

(3)
∫ 2

0
f(x) dx ≈ A0f(0) + 4

3
f(x1) + A2f(x2).)))µµµ

(1) du�(½n��½ëêAi, (i = 0, 1, 2), �©O-f(x) = 1, x, x2, ¦¦Èúªü>��§l
���§|µ














A0+ A1+ A2=2h

+ hA1+ 2hA2=2h2

+h2A1+4h2A2=
8
3h3)�A0 = A2 = 1

3h, A1 = 4
3h. Ïd§¦ÈúªǱ

∫ 2h

0

f(x) dx ≈ 1

3
hf(0) +

4

3
hf(h) +

1

3
hf(2h).Ǳ(½¦Èúª��ê°Ý§-f(x) = x3�\þ¡ªf�ü>§���>=

(2h)4

4 = 4h4, m>= 4
3h4 + 8

3h4 = 4h4, �mü>��"-f(x) = x4�\�§�>=
(2h)5

5 = 32
5 h5, m>= 4

3h5 + 16
3 h5 = 20

3 h5, �mØ�"¤±¦Èúª��ê°ÝǱ3"
26
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(2) ©Oòf(x) = 1, x, x2�\¦Èúªü>§¦���§B��§|µ














6A = 2

A(−1 + 2x1 + 3x2) = 0

A(1 + 2x2
1 + 3x2

2) = 2
3)ÑA = 1

3, x1 = 1
5(1 ±

√
6), x2 = 1

15(3 ∓ 2
√

6). Ǳ(½�ê°Ý§·�-f(x) = x3, �>= 0,m> = 1
3

(

−1 + 2

(

1 ±
√

6
5

)3

+ 3

(

3 ∓ 2
√

6
15

)3
)

= 1
3

(

−1 + 2
153

(

27 ± 81
√

6 + 81 · 6 ± 27 · 6
√

6
)

+ 3
153

(

27 ∓ 54
√

6 + 36 · 6 ∓ 8 · 6
√

6
)

)

6= 0,¤±�ê°ÝǱ2"
(3) ©O-f(x) = 1, x, x2, x3�\¦Èúªü>§¦���§��§|µ



























A0+
4
3 +A2 =2

+4
3x1+A2x2=2

+4
3x2

1+A2x
2
2=

8
3

+4
3x3

1+A2x
3
2=4,1nª~�1�ª¦±x2, ��

4

3
x1(x1 − x2) =

8

3
− 2x2,1oª~�1nª¦±x2, ��

4

3
x2

1(x1 − x2) = 4 − 8

3
x2,¤±·����§|







4
3x1(x1 − x2) = 8

3 − 2x2

4
3x2

1(x1 − x2) = 4 − 8
3x2.
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Ïd, 4 − 8
3x2 =

(

8
3 − 2x2

)

x1, =x1x2 = 4
3(x1 + x2) − 2. rx1x2�\±þ�§|�1���§§z{��

x2 = 8x1 − 6x2
1,2�\x1x2 = 4

3(x1 + x2) − 2, k
3x3

1 − 8x2
1 + 6x1 − 1 = 0.)Ñx1 = 1, x1 = 1

6(5 ±
√

13), l
�x2 = 2, x2 = 1
3(1 ∓

√
13) 9A0 = 1

3,

A0 = 1
6(1 ±

√
13)ÚA2 = 1

3, A2 = 1
6(3 ∓

√
13), =�§|kn|)

(A0, A2, x1, x2) = (
1

3
,
1

3
, 1, 2),

1

6

(

1 ±
√

13, 3 ∓
√

13, 5 ±
√

13, 2 ∓ 2
√

13
)

.²u�¦Èúª��ê°Ý�Ǳ3"
2. ©O^EÜF/úª!"ÊÜúªO�e�È©§¿�Oz«�{�Ø�µ

(1)

∫ 1

0

ex dx (n = 4); (2)

∫ 1

−1

√
x + 1.5 dx (n = 2).)))µµµ

(1) |^n = 4�EÜF/úª��
T4 = 1

8

[

f(0) + 2f(14) + 2f(12) + 2f(34) + f(1)
]

= 1.727221905,|^n = 4�EÜÆÔ�"ÊÜúª
S4 = 1

24

[

f(0) + 4f(18) + 4f(38) + 4f(58) + 4f(78)

+2f(14) + 2f(12) + 2f(34) + f(1)
]

= 1.718284155.�È©�°(�I = e − 1 = 1.7182818284590 · · ·�'�§©O�Ø�Ǳ−0.0089400769−0.000002326.
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(2) |^n = 2�EÜF/úª
T2 = 1

2[f(−1) + 2f(0) + f(1)]

= 2.368867677,|^n = 2�"ÊÜúª
S2 = 1

6[f(−1) + 4f(−1
2) + 4f(12) + 2f(0) + f(1)]

= 2.399098267
È©�°(�ǱI = 1
6(5

√
10 −

√
2) = 2.399529123 · · · , ¤±Ø�©OǱ0.030661446 Ú0.000430855.

3. Á©O^e��{O�È©∫ 3

1

1

x
dx :

(1) n:9Ê:pd–V4�úª;

(2) ò«mo�©§3z��ãþ^ü:pd–V4�úª§,�\\(=EÜü:pdúª);

(3) ^9���{(�©3g)")))µµµ
(1) kò¦È«m[1, 3]CǱIO«m[−1, 1]: -x = t + 2, �

∫ 3

1

dx

x
=

∫ 1

−1

1

t + 2
dt|^n:pdúªk

∫ 1

−1

1

t + 2
dt

≈ 0.5555556 ×
(

1
2 + 0.7745967 + 1

2 − 0.7745967

)

+ 0.8888889× 1
2

= 1.098039283,|^Ê:pdúªk
∫ 1

−1

1

t + 2
dt

≈ 0.2369269 ×
(

1
2 − 0.9061798 + 1

2 + 0.9061798

)

+0.4786289 ×
(

1
2 − 0.5384693 + 1

2 + 0.5384693

)

+ 0.5688889× 1
2

= 1.098609289.
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(2) ò[1, 3]©Ǳo�°§©OǱ[1, 1.5], [1.5, 2], [2, 2.5], [2.5, 3],3z��«mþ^ü:pdúª§Ù�PǱIi, (i = 1, 2, 3, 4).

I1 =

∫ 1.5

1

1

x
dx =

∫ 1

−1

0.5

2.5 + 0.5t
dt

≈ 0.5

2.5 − 0.5 × 1√
3

+ 0.5

2.5 + 0.5 × 1√
3

= 0.405405405,

I2 =

∫ 2

1.5

1

x
dx =

∫ 1

−1

0.5

3.5 + 0.5t
dt

≈ 0.5

3.5 − 0.5 × 1√
3

+ 0.5

3.5 + 0.5 × 1√
3

= 0.287671232,

I3 =

∫ 2.5

2

1

x
dx =

∫ 1

−1

0.5

4.5 + 0.5t
dt

≈ 0.5

4.5 − 0.5 × 1√
3

+ 0.5

4.5 + 0.5 × 1√
3

= 0.223140495,

I4 =

∫ 3

2.5

1

x
dx =

∫ 1

−1

0.5

5.5 + 0.5t
dt

≈ 0.5

5.5 − 0.5 × 1√
3

+ 0.5

5.5 + 0.5 × 1√
3

= 0.182320441,�I = I1 + I2 + I3 + I4 ≈ 1.098537573. È©�°(�ǱI = ln 3 =

1.098612289.

(3) -f(x) = 1
x , a = 1, b = 3, n = 3. ^9���{�©3g�Xe(J:

T2k S2k−1 C2k−2

1.33333333

1.16666667 1.11111111

1.11666667 1.10000000 1.09925926¤±R3,3 = 1.09925926,¢SØ�= ln 3 − R3,3 = −6.469714 × 10−4.

4. í�e�n«Ý
¦Èúªµ
(1)

∫ b

a
f(x) dx = (b − a)f(a) + 1

2
f ′(ξ)(b − a)2;

(2)
∫ b

a
f(x) dx = (b − a)f(b) − 1

2
f ′(ζ)(b− a)2;

(3)
∫ b

a
f(x) dx = (b − a)f

(

a+b
2

)

+ 1
24

f ′′(η)(b − a)3.
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)))µµµòf(x)3x = a?Ðm
f(x) = f(a) + f ′(ξ)(x − a), ξ ∈ (a, b)2È©§¿|^È©¥�½n§

∫ b

a

f(x) dx =

∫ b

a

f(a) dx +

∫ b

a

f ′(ξ)(x − a) dx

= (b − a)f(a) + f ′(η)

∫ b

a

(x − a) dx

= (b − a)f(a) + 1
2f ′(η)(b − a)2, η ∈ (a, b)dÈ©úª¡Ǳ�Ý/úª"|^∫ b

a
f(x)dx =

∫ b

a
f(a + b − y)dyÚ(1)�(Ø=�úª(2)"e¡2í�¥Ý/úª(3). òf(x)3x = 1

2(a + b)?Ðm,

f(x) = f

(

a + b

2

)

+f ′
(

a + b

2

)(

x − a + b

2

)

+
1

2
f ′′(ξ)

(

x − a + b

2

)2

, ξ ∈ (a, b),ü>È©§|^È©¥�½n��
∫ b

a

f(x) dx = (b − a)f
(

a + b
2

)

+ f ′
(

a + b
2

)

∫ b

a

(

x − a + b

2

)

dx

+1
2

∫ b

a

f ′′(ξ)

(

x − a + b

2

)2

dx

= (b − a)f
(

a + b
2

)

+ 1
24f ′′(η)(b − a)3,Ù¥η ∈ (a, b).

5. �f(x) ∈ C6[−1, 1], p(x)Ǳf(x)�5gD��A��õ�ª§§÷vµ
p(xi) = f(xi), p′(xi) = f ′(xi), xi = −1, 0, 1.

(1) y²
∫ 1

−1

p(x) dx =
7

15
f(−1) +

16

15
f(0) +

7

15
f(1) +

1

15
f ′(−1) − 1

15
f ′(1);
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(2) y²È©úª
∫ 1

−1

f(x) dx ≈ 7

15
f(−1) +

16

15
f(0) +

7

15
f(1) +

1

15
f ′(−1) − 1

15
f ′(1)äk5g�ê°Ý§¿í�Ø�;

(3) é�½�«m[a, b], �y©: xi = a + ih, i = 0, 1, · · · , 2n, h = b − a
2n , |^(2)¥�¦Èúªí��A�EÜ¦Èúª9Ø�")))µµµ

(1) 3D��A��õ�ªL�ª(2-41)¥�x0 = −1, x1 = 0, x2 = 1, K�
p(x) = [1 − 2l′0(−1)(x + 1)]l20(x)f(−1) + [1 − 2l′1(0)(x − 0)]l21(x)f(0)

+[1 − 2l′2(1)(x − 1)]l22(x)f(1) + (x + 1)l20(x)f ′(−1)

+(x − 0)l21(x)f ′(0) + (x − 1)l22(x)f ′(1),ü>È©§¿5¿�
l0(x) = 1

2x(x − 1), l1(x) = −(x + 1)(x − 1), l2(x) = 1
2x(x + 1),

l′0(−1) = −3
2 , l′1(0) = 0, l′2(1) = 3

2 ,B�(J"
(2) 3{�úª(2-42)¥-n = 2, p(x) = H5(x), B�

R5(x) = f(x) − p(x) =
f (6)(ξ)

6!
x2(x − 1)2(x + 1)2,l
B�È©úªäk5g�ê°Ý§�Ø�

R[f ] =

∫ 1

−1

f(x) dx −
∫ 1

−1

p(x) dx =

∫ 1

−1

f (6)(ξ)

6!
x2(x − 1)2(x + 1)2 dx,|^È©¥�½n(5¿�x2(x− 1)2(x + 1)23«m[−1, 1]ØCÒ)§·���

R[f ] =
1

4725
f (6)(η), η ∈ (−1, 1).
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(3)

I =

∫ b

a

f(x) dx =
n−1
∑

i=0

∫ x2i+2

x2i

f(x) dx
éuÈ©∫ x2i+2

x2i

f(x) dx, |^C�t = 1
h

(x − x2i+1)zǱ[−1, 1]þ�È©§=
∫ x2i+2

x2i

f(x) dx

= h

∫ 1

−1

f(x2i+1 + ht) dt

≈ h
(

7
15f(x2i) + 16

15f(x2i+1) + 7
15f(x2i+2) + 1

15hf ′(x2i) − 1
15hf ′(x2i+2)

)ù�B�¦Èúª
I =

n−1
∑

i=0

∫ x2i+2

x2i

f(x) dx

≈
n−1
∑

i=0

[

7

15
hf(x2i) +

16

15
hf(x2i+1) +

7

15
hf(x2i+2)

+ 1
15h2f ′(x2i) − 1

15h2f ′(x2i+2)
]

= 7
15h

[

f(a) + 2
∑n−1

i=1 f(x2i) + f(b)
]

+ 16
15h

∑n−1
i=0 f(x2i+1)

+ 1
15h2[f ′(a) − f ′(b)],Ø�Ǳ

R =

n−1
∑

i=0

h7

4725
f (6)(ηi) =

(b − a)

9450
h6f (6)(η).

6. ©O^EÜ"ÊÜúª(n = 2)Úpd–�'ÈÅúª(n = 4)O�È©µ
I =

∫ 1

−1

dx√
1 − x4

.

(O(�I = 2.62205755429213).)))µµµÄk�È¼ê´ÛÉ�§�Ä^C�x = sin t�KÛ:¿¦^EÜ"ÊÜúª"
I =

∫ 1

−1
dx√
1−x4 = 2

∫ 1

0
dx√
1−x4

= 2
∫ π

2
0

cos tdt√
1−sin4 t

= 2
∫ π

2

0
dt√

1+sin2 t
.
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ùpÈ©®²´�~È©"^EÜ"ÊÜúªk
I = 2 · π/2

6

(

1√
1+sin2 0

+ 4√
1+sin2 π

4

+ 1√
1+sin2 π

2

)

= 2.603905.-f(x) = 1√
1 + x2

, |^pd–�'ÈÅ¦Èúª(4-49)§n = 4, ωi = π
5 , xi =

cos 2i+1
10

π,

∫ 1

−1

dx√
1 − x4

=

∫ 1

−1

f(x)√
1 − x2

dx ≈
4
∑

i=0

ωif(xi) ≈ 2.622250.ÏǱ�È¼ê�ÛÉ5§eØ�C����ØÛ:ê�È©�°Ýé$"
7. ^�V?êÐme−x2��{¦È©∫ 1

0

e−x2

dx, �¦O�°ÝǱ10−4.)))µµµ
e−x2

= 1 − x2 +
x4

2!
− x6

3!
+ · · · + (−1)n x2n

n!
+ · · ·ü>È©�

∫ 1

0

e−x2

dx ≈ 1 − 1
3 + 1

10 − 1
42 + 1

216 − 1
1320 + 1

9360

≈ 0.7468Ø�|R7| ≤ 1
15 × 7!

= 1
75600 < 1.5 × 10−5.

8. ©O|^Cþ��Ú�V?êÐm�{O�È©∫ 1

0

dx

(4 − x)
√

x
, �¦°Ý10−4.)))µµµ�C�t =

√
x,
∫ 1

0

dx

(4 − x)
√

x
= 2

∫ 1

0

dt

4 − t2
=

∫ 1

−1

dt

4 − t2
,2^pd—�'ÈÅúª(4-49)

I ≈
n
∑

i=0

ωif(xi),©O�n = 2, 3, 4�O��I,dK8�¦�È©�Cq�ǱI ≈ 0.5493.�V?ê{§ò¼ê 1
4− xÐm¤�V?ê

1

4 − x
=

1

4(1 − x

4
)

=
1

4
(1 +

x

4
+

x2

42 +
x3

43 + · · · ),
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l

∫ 1

0

dx

(4 − x)
√

x
=

∫ 1

0

1

4
(x− 1

2 +
1

4
x

1
2 +

1

42x
3
2 +

1

43 x
5
2 + · · · ) dx

= 1
4(2 + 1

4 · 2
3 + 1

42 · 2
5 + 1

43 · 2
7 + · · · ),Ø�|Rn| ≤ 1

4
2

(n + 1)

(
1

4
)n

1 − 1

4

= 2
3(2n + 1)4n , �n = 5, �|R5| ≤ 5.9 × 10−5, =�È©�Cq�I = 0.54925.

9. ©O^pd–.X�¦Èúª½pd–D��A¦ÈúªO�e�È©§¿�OØ�"
(1)

∫ ∞

0

xe−x

x + 2
dx (n = 4); (2)

∫ +∞

−∞

x + 1

x + 2
e−x2

dx (n = 4).)))µµµ(1) |^pd–.X�¦Èúª§k
∫∞
0

xe−x

x+2
dx = 0.521756× 0.263560

0.263560 + 2 + 0.398667× 1.413403
1.413403 + 2

+0.075942× 3.596425
3.596425 + 2 + 0.003612 × 7.085810

7.085810 + 2

+0.000023× 12.640801
12.640801 + 2

= 0.277468.-f(x) = x
x + 2 = 1 − 2

x + 2, Kf (10)(x) = 2 · 10!
(x + 2)11 . ÙÈ©{�

|R[f ]| =

∣

∣

∣

∣

(5!)2

10!
f (10)(η)

∣

∣

∣

∣

≤ (5!)2

10!
· 2 · 10!

211 =
225

4096
≈ 0.055.¢Sþý�I = 0.2773427662.

(2) |^pd–D��A¦Èúª§k
∫ +∞
−∞

x+1
x+2

e−x2
dx = 0.019953× −2.020183 + 1

−2.020183 + 2 + 0.393519 × −0.958572 + 1
−0.958572 + 2

+0.945309× 0 + 1
0 + 2 + 0.393519× 0.958572 + 1

0.958572 + 2

+0.019953× 2.020183 + 1
2.020183 + 2

= 0.277468.
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-f(x) = x
x + 2 = 1 − 2

x + 2, Kf (10) = 2 · 10!
(x + 2)11 . ÙÈ©{�

|R[f ]| =

∣

∣

∣

∣

(5!)2

10!
f (10)(η)

∣

∣

∣

∣

≤ (5!)2

10!
· 2 · 10!

211 =
225

4096
≈ 0.055.¢Sþý�I = 0.2773427662.

10. �ypd.¦Èúª
∫ ∞

0

e−xf(x) dx ≈ ω0f(x0) + ω1f(x1)�pd:9pdXê©OǱ
x0 = 2 −

√
2, ω0 =

1

4
(2 +

√
2),

x1 = 2 +
√

2, ω1 =
1

4
(2 −

√
2).)))µµµ©Oòf(x) = 1, x, x2, x3�\�yÈ©úªü>��=�"

11. �Epd.È©úª
∫ 1

0

f(x)

1 + x2
dx ≈ ω0f(x0) + ω1f(x1),¿O�È©∫ 1

0

sin x

1 + x2
dx,

∫ 1

0

e−x

1 + x2
dx.)))µµµ©O-f(x) = 1, x, x2, x3�\È©úª§���5�§|µ















































ω0 + ω1 =

∫ 1

0

1

1 + x2 dx = A0

x0ω0 + x1ω1 =

∫ 1

0

x

1 + x2 dx = A1

x2
0ω0 + x2

1ω1 =

∫ 1

0

x2

1 + x2 dx = A2

x3
0ω0 + x3

1ω1 =

∫ 1

0

x3

1 + x2 dx = A3,Ù¥A0 = π
4 , A1 = 1

2 ln 2, A2 = 1− π
4 , A3 = 1

2(1− ln 2). 1nª¦±x1~�1oª§1�ª¦±x1~�1nª§1�ª¦±x1~�1�ª§©O�














(x1 − x0)ω0 = A0x1 − A1

(x1 − x0)x0ω0 = A1x1 − A2

(x1 − x0)x0
2ω0 = A2x1 − A3,
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l1�ª!1nª¥��(x1 − x0)x0ω0, 1�ª!1�ª¥��(x1 − x0)ω0, �






A1(x0 + x1) − A0x0x1 = A2

A2(x0 + x1) − A1x0x1 = A3.þ¡ªf�w¤´��'ux0 + x1, x0x1��5�§|§)Ñ










x0 + x1 = A1A2 − A0A3

A2
1 − A0A2

x0x1 =
A2

2 − A1A3

A2
1 − A0A2

,l
)�


































x0 = 1
2

1
A2

1 − A0A2

[

A1A2 − A0A3

−
√

(A1A2 − A0A3)2 − 4(A2
1 − A0A2)(A2

2 − A1A3)
]

x1 = 1
2

1
A2

1 − A0A2

[

A1A2 − A0A3

+
√

(A1A2 − A0A3)2 − 4(A2
1 − A0A2)(A2

2 − A1A3)
]òAi���\�x0 = 0.7302828, x1 = −0.4118120, ω0 = 0.5866506, ω1 =

0.1987481.���O�ÑüÈ©�Cq�©OǱ0.3117897Ú0.5826523.

12. ©O^"ÊÜúª(m = n = 4)9pdúª(m = n = 4)O�È©
(1)

∫ 4

3

∫ 2

1

1

(x + y)2
dydx; (2)

∫ 1

0

∫ 2

1

sin(x2 + y2)

1 + 0.5x + 0.5y
dydx.)))µµµ(1)éuSimpsonúª, -ωi = 1

12
, 4

12
, 2

12
, 4

12
, 1

12
, Úxi = 3 + i

4
, yi = 1 + i

4
,

I ≈ (4 − 3)(2 − 1)

4
∑

i=0

4
∑

j=0

ωiωj

(xi + yj)
2 = 0.04082237418.éuGuassÈ©, ÄkòÈ©zǱIO«mþ�È©"-u = 2x − 7, v = 2y − 3,�

I =

∫ 1

−1

∫ 1

−1

1

(u + v + 10)2 du dv.
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,�§2|^m = 4:�Gauss–Legendreúª(�L4-6)

I ≈
4
∑

i=0

4
∑

j=0

ωiωj

(ui + vj + 10)2 = 0.04082199810,Ù¥ωiÚui = viÑlL4-6��"Ùý�I = 0.04082199458699.

(2)éuSimpsonúª, -ωiÓc�K, Úxi = 0 + i
4
, yi = 1 + i

4
,

I ≈ (4 − 3)(2 − 1)

4
∑

i=0

4
∑

j=0

ωiωj

sin(x2
i + y2

j )

1 + 0.5xi + 0.5yj

= 0.18469441.éuGuassÈ©, �C�u = 2x − 1, v = 2y − 3.

I =

∫ 1

−1

∫ 1

−1

sin

(

(
u + 1

2
)2 + (

v + 3

2
)2

)

u + v + 8
du dv.,�§2|^m = 4:�Gauss–Legendreúª(�L4-6)

I ≈
4
∑

i=0

4
∑

j=0

ωiωj

sin

(

(
ui + 1

2
)2 + (

vj + 3

2
)2

)

(ui + vj + 8)2 = 0.18405084,Ù¥ωiÚui = viÓþ��K"Ùý�I = 0.184050987.¯¢þ, 'u\\/ª∑i

∑

j ωiωjf(xi, xj)�±^Xe/ªO�(±1(2)�K�SimpsonÈ©Ǳ~):

>> x = linspace(0,1,5);

>> y = linspace(1,2,5);

>> w = [1 4 2 4 1]’/12

>> [X,Y] = meshgrid(x,y);

>> w’*(sin(X.^2+Y.^2)./(1+0.5*X+0.5*Y))*w

ans =

1.846944068968949e-001

13. �®�¼êf(x) = 1
(1 + x)2�êâL(L4-13)

x 1.0 1.1 1.2

f(x) 0.2500 0.2268 0.2066L4-13
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Á^n:úªO�f ′(x)3x = 1.0, 1.1, 1.2?�Cq�§¿�OØ�")))µµµn:úªǱ
f ′(x0) = 1

2h
[−3f(x0) + 4f(x1) − f(x2)] + h2

3 f ′′′(ξ0)

f ′(x1) = 1
2h

[−f(x0) + f(x2)] − h2

6 f ′′′(ξ1)

f ′(x2) = 1
2h

[f(x0) − 4f(x1) + 3f(x2)] + h2

3 f ′′′(ξ2)

|f ′′′(ξ)| ≤ max

1.0≤ξ≤1.2

4!

(1 + ξ)5 = 0.75,l
��A��ê�Cq�§nØØ��"¢SØ�Ǳ�ê�°(��n:úª�O���m��"
x 1.0 1.1 1.2n:úª −0.24792 −0.21694 −0.18596°(� −0.25000 −0.21596 −0.18783nØØ�� 0.00250 0.00125 0.00250¢SØ� 0.00208 0.00098 0.00187

14. ©O^�VÐm�{Ú���{y²���ê�n:ê��©úª
f ′′(x1) ≈

1

h2
[f(x0) − 2f(x1) + f(x2)]��äØ�´O(h2).yyyµµµ|^�VÐm

f(x0)=f(x1 − h)=f(x1) − hf ′(x1) + h2

2 f ′′(x1) − h3

3!
f ′′′(x1) + h4

4!
f (4)(ξ1)

f(x2)=f(x1 + h)=f(x1) + hf ′(x1) + h2

2 f ′′(x1) + h3

3!
f ′′′(x1) + h4

4!
f (4)(ξ2)¤±

1

h2 [f(x0) − 2f(x1) + f(x2)] = f ′′(x1) +
h2

4!
[f (4)(ξ1) + f (4)(ξ2)],=�äØ�ǱO(h2). OOO���ÅÅÅ¢¢¢SSSKKK
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1. |^�ª   
π = 4

∫ 1

0

1

1 + x2dxO��±Çπ. �¦Ø��u10−8.

(1) ^Ez"ÊÜ¦ÈúªO�¶
(2) ^9���{O�¶
(3) í�Ez�n:pd–V4�úª(4-45), ¿?1�±Ç�O�"))): ?§Xe:

function [p1,p2,p3] = ex415

a = 0;

b = 1;

m = 2;

t(1) = 0.5*(b-a)*(f(a)+f(b));

t(2) = 0.5*t(1) + 0.5*(b-a)*f((a+b)/2);

s(1) = ( 4*t(2)-t(1) ) / 3 ;

j = 2;

%% t,s,c,r store the romberg integrals,

%% in which s stores the simpson integrals

while abs(t(j)-t(j-1)) > (0.5e-8/4),

h = (b-a)/m;

k = 0:(m-1);

j = j + 1;

t(j)= 0.5*t(j-1) + 0.5 * h * sum(f(a+(k+1/2)*h));

s(j-1) = ( 4*t(j)-t(j-1) ) / 3 ;

c(j-2) = (16*s(j-1)-s(j-2) ) / 15 ;

if j>3,

r(j-3) = (64*c(j-2)-c(j-3) ) / 63 ;

end

m = m * 2;

end

p1 = 4 * s(end);

p2 = 4 * r(end);

%% compute the compound Guass integrals

w = [5 8 5]/9;

x = [-sqrt(15) 0 sqrt(15)]/5;

n = 5;

p3 = 0;
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for j=0:n-1,

g = (j+0.5)/n + 0.5/n * x; % guass nodes

p3 = p3 + f(g)*w’/(2*n); % guass int in each piece

end

p3 = p3*4;

function v = f(x)

v = 1./(1+x.^2);Ù¥, "ÊÜÈ©Ú9��È©�£p1Úp2,pdÈ©�£�Ǳp3.EÜ�pdúªí�Xe: �(ωi, zi)´pdÈ©�XêÚ!:, Xn:pdúª(n = 2)¥§ωi = 5
9
, 8

9
, 5

9
Úzi = −

√
15
9

, 0,
√

15
9

. éu���È©«m[a, b],-t = 2
b−a

(x − a+b
2

), k
∫ b

a

f(x)dx =

∫ 1

−1

f

(

b − a

2
t +

a + b

2

)

dt =

n
∑

i=0

ωif

(

b − a

2
zi +

a + b

2

)

.Ïd§e«m[a, b]þkm�©!:xi = a + ih, h = b−a
m

, K
∫ b

a
f(x)dx =

m−1
∑

i=0

∫ xi+1

xi

f(x)dx

=

m−1
∑

i=0

n
∑

j=0

ωjf(
h

2
zj + xi +

h

2
).

2. ®�êâ�uL4-14, ¦1 ∼ 8�m±0.5ǱÚ�����:þ��ê�©�¦k¦^5gõ�ª[Ü�½�êâ§2dd¦�.

xi 1 2 3 4 5 6 7 8

f(xi) 12 234 34 -1 34 2 5 23L4-14))): 3·-1þÑ\Xe
>> x = 1:8;

>> y = [12 234 34 -1 34 2 5 23];

>> p = polyfit(x,y,5);

>> q = polyder(p);

>> polyval(q, 1:0.5:8)
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���:�ê��(JXe:

1 1.5 2 2.5 3 3.5 4 4.5

645.72 159.71 -84.71 -165.55 -148.00 -84.46 -14.518 35.030

5 5.5 6 6.5 7 7.5 8

50.190 29.768 -14.629 -58.595 -64.919 16.405 248.186SSSKKKÊÊÊ
1. ^pd��{¦)eã�5�§|µ



























6x1 − 2x2 + 2x3 + 4x4 = 16

12x1 − 8x2 + 6x3 + 10x4 = 26

3x1 − 13x2 + 9x3 + 3x4 = −19

−6x1 + 4x2 + x3 − 18x4 = −34)))µµµ1�1©O¦±m21 = −2, m32 = −1
2
, m41 = 1\�1�!n!o1þk



























6x1 − 2x2 + 2x3 + 4x4 = 16

− 4x2 + 2x3 + 2x4 = −6

− 12x2 + 8x3 + x4 = −27

2x2 + 3x3 − 14x4 = −181�1©O¦±m32 = −3, m42 = 1
2
\�1n!o1þk



























6x1 − 2x2 + 2x3 + 4x4 = 16

− 4x2 + 2x3 + 2x4 = −6

2x3 − 5x4 = −9

4x3 − 13x4 = −211n1¦±m43 = −2\�1o1þk


























6x1 − 2x2 + 2x3 + 4x4 = 16

− 4x2 + 2x3 + 2x4 = −6

2x3 − 5x4 = −9

− 3x4 = −3£�¦)�x4 = 1, x3 = −2, x2 = 1, x1 = 3. )�þǱx = (3, 1,−2, 1)T .
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2. ^�Ì��pd��{¦)eã�5�§|µ


























x1 + 3x2 − 2x3 − 4x4 = 3

2x1 + 6x2 − 7x3 − 10x4 = −2

−x1 − x2 + 5x3 + 9x4 = 14

−3x1 − 5x2 + 15x4 = −6)))µµµ�Ì�pd��L§Xe"Äk1��þÌ�Ǳ−3,éN1�!oü1§¿��1��Ù¦��§k


























−3x1 − 5x2 + 15x4 = −6

8
3x2 − 7x3 = −6

2
3x2 + 5x3 + 4x4 = 16

4
3x2 − 2x3 + x4 = 11��Ì�®31�1§����1��þ���k



























−3x1 − 5x2 + 15x4 = −6

8
3x2 − 7x3 = −6

27
4 x3 + 4x4 = 35

2
3
2x3 + x4 = 41n�þǱØ^ÀÌ�,����k



























−3x1 − 5x2 + 15x4 = −6

8
3x2 − 7x3 = −6

27
4 x3 + 4x4 = 35

2
1
9x4 = 1

9�£¦)§����)�þǱx = (2, 3, 2, 1)T .

3. ^Ý
A�Ú|ø�nÆ©)µA = LU§¦)�§|µ














5 7 9 10

6 8 10 9

7 10 8 7

5 7 6 5





























x1

x2

x3

x4















=















1

1

1

1














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)))µµµA = LU , Uì�{5.2��
L =















1

1.2 1

1.4 −0.5 1

1 0 0.6 1















, U =















5 7 9 10

−0.4 −0.8 −3

−5 −8.5

0.1













¦)Ly = b, bǱmà�, ��µy = (1,−0.2,−0.5, 0.3)T . ¦)Ux = y����)�þµx = (20,−12,−5, 3)T .

4. ^z�dÄ©)O�eã�5�ê�§|µ




















5 −1

−1 5 −1

−1 5 −1

−1 5 −1

−1 5









































x1

x2

x3

x4

x5





















=





















3

6

8

14

35



















)))µµµA = LLT , |^�{5.4��
L =





















2.2361

−0.4472 2.1909

−0.4564 2.1890

−0.4568 2.1889

−0.4568 2.1889



















�ü�£�O�µ






Ly = b

LT x = y����µ
y=(1.3416, 3.0125, 4.2828, 7.2897, 17.5112)T ,

x=(1.0000, 2.0000, 3.0000, 5.0000, 8.0000)T.

44

    课后答案网：www.hackshp.cn 
若侵犯了您的版权利益，敬请来信告知！ 

  
课
后
答
案
网
 

ww
w.
ha
ck
sh
p.
cn
 



5. ^J`{¦)eã�5�§|




















2 1

1 2 1

1 2 1

1 2 1

1 2









































x1

x2

x3

x4

x5





















=





















1

0

0

0

1



















)))µµµUì�{5.5§J�L§Ǳµ
l1 = b1 = 2, y1 = d1/l1 = 1

2 , u1 = c1/l1 = 1
2 ,

l2 = b2 − a2u1 = 3
2 , y2 = (d2 − a2y1)/l2 = −1

3 , u2 = c2/l2 = 2
3 ,

l3 = b3 − a3u2 = 4
3 , y3 = (d3 − a3y2)/l3 = 1

4 , u3 = c3/l3 = 3
4 ,

l4 = b4 − a4u3 = 5
4 , y4 = (d4 − a4y3)/l4 = −1

5 , u4 = c4/l4 = 4
5 ,

l5 = b5 − a5u4 = 6
5 , y5 = (d5 − a5y4)/l5 = 1,`�L§Ǳµ

x5 = y5 = 1,

x4 = y4 − u4x5 = −1,

x3 = y3 − u3x4 = 1,

x2 = y2 − u2x3 = −1,

x1 = y1 − u1x2 = 1,����)�þǱx = (1,−1, 1,−1, 1)T .

6. ^þz��Ì��pd��{¦)eã�§|


























x1+3x2+2x3+ x4=7

4x1+2x2+ x3+2x4=9

2x1+ x2+2x3+3x4=8

x1+2x2+4x3+ x4=8)))µµµÐ©�I�þl = (1, 2, 3, 4). þz�þ(3, 4, 3, 4). §3��O�L§¥´ØC�"Ǳ
(½1��Ì��§§*	o�'�µ
{ |ali,1|

Sli

: i = 1, 2, 3, 4

}

=

{

1

3
,
4

4
,
2

3
,
1

4

}
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1��'���"ù�31�Ú���L§¥§1���§�ǱÌ��§§ù�lCǱl = (2, 1, 3, 4). ���§�§|C¤














0 5
2

7
4

1
2

4 2 1 2

0 0 3
2 2

0 3
2

15
4

1
2





























x1

x2

x3

x4















=















19
4
9

7
2
23
4













1�Ú§*	11,3Ú41�'�µ
{ |ali,2|

Sli

: i = 2, 3, 4

}

=

{

5

6
, 0,

3

8

}1��'���§�lØC§EǱl = (2, 1, 3, 4). Ïd§�cÌ��§Ǳ1���§"���§�§|C¤µ














0 5
2

7
4

1
2

4 2 1 2

0 0 3
2 2

0 0 27
10

1
5





























x1

x2

x3

x4















=















19
4
9

7
2
29
10













1nÚ§*	13Ú41�'�µ
{ |ali,3|

Sli

: i = 3, 4

}

=

{

1

2
,
27

40

}1��'���§Ïd�cÌ��§Ǳ1o��§"ù�lCǱl = (2, 1, 4, 3).���§�§|C¤µ














0 5
2

7
4

1
2

4 2 1 2

0 0 0 17
9

0 0 27
10

1
5





























x1

x2

x3

x4















=















19
4
9

17
9
29
10













£���ÿ§Uì�ª��I�þl = (2, 1, 4, 3), d1n��§¦Ñx4, 1o��§¦Ñx3, 1���§¦Ñx2, ��d1���§¦Ñx1. £�O���µ
x4 = 1, x3 = 1, x2 = 1, x1 = 1.
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Ïd§�§|�)�þǱµ
x = (1, 1, 1, 1)T .

7. �ÑO�é¡�½�néÆÝ
A�z�dÄ©)�O��ª§Ù¥


























α1 β1

β1 α2 β2

β2 α3 β3

. . .
. . .

. . .

βn−2 αn−1 βn−1

βn−1 αn

























)))µµµz�dÄ©)ǱµA = L · LT . duA´néÆÝ
§|^Ý
�¦{5K§��L´eã�kü^éÆ��enÆÝ
µ
L =





















θ1

γ1 θ2

γ2 θ3

. . .
. . .

γn−1 θn



















UìÝ
�¦{5K§��µ
θ1=

√
α1,

γ1=β1/θ1, θ2=
√

α2 − γ2
1 ,

γ2=β2/θ2, θ3=
√

α3 − γ2
2 ,

...
...

γn−1=βn−1/θn−1, θn=
√

αn − γ2
n−1.Ïd�{��¤µ

θ1 =
√

α1,éi = 1, 2, · · · , n − 1O�






γi = βi/θi

θi+1=
√

αi+1 − γ2
i
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8. £ã^�Ì��pd��{rþ°ÜË�(Hessenberg).Ý

A =





















a11 a12 · · · a1n

a21 a22 · · · a2n

a32 a3n

. . .
. . .

...

an,n−1 ann



















zǱþnÆÝ
�O�L§")))µµµ1�Ú§�|ai1,1| = max
1≤i≤2

|a(1)
i1
|.XJi1 = 1, ÃI�1C�¶XJi1 = 2, K111�121��§,�=é121��§��





















a
(1)
11 a

(1)
12 a

(1)
13 · · · a

(1)
1n

0 a
(2)
22 a

(2)
23 · · · a

(2)
2n

a
(1)
32 a

(1)
33 · · · a

(1)
3n

. . .
. . .

...

a
(1)
n,n−1 a

(1)
nn





















.

1�Ú§�|a(2)
i2,2| = max

2≤i≤3
|a(2)

i2
|, (ùpa

(2)
32 = a

(1)
32 )"XJi2 = 2, ÃI�1C�¶XJi2 = 3, K121�131��§,�=é131��§��



























a
(1)
11 a

(1)
12 a

(1)
13 a

(1)
14 · · · a

(1)
1n

0 a
(2)
22 a

(2)
23 a

(2)
24 · · · a

(2)
2n

0 a
(3)
33 a

(3)
34 · · · a

(3)
3n

a
(2)
43 a

(2)
44 · · · a

(2)
4n

. . .
. . .

...

a
(2)
n,n−1 a

(2)
nn



























.

1kÚ§�|a(k)
ik,k| = max

k≤i≤k+1
|a(k)

ik
|, (ùpa

(k)
k+1,k = a

(k−1)
k+1,k)"XJik = k, ÃI�1C�¶XJik = k + 1, K1k1�1k + 11��§,�=é1k + 11��"þãL§����1n− 1Ú§þHessenbergÝ
AÒC¤
þnÆÝ
"
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SSSKKK888
1. ^S�{¦)eã�5�§|:















10x1+ 4x2+ 4x3=14

4x1+10x2+ 8x3=12

4x1+ 8x2+10x3=14

(1) ©O�ÑJacobiS�§GSS�§SORS�(ω = 1.35)�S��ª;

(2) �äþãn�S��ª�ñÑ5§¿`²nd;

(3) ^Âñ�S��ª©OO��§|�)§�¦÷v
‖x(k+1) − x(k)‖ <

1

2
× 10−4.)))µµµ(1) JacobiS��ªµ















x
(k+1)
1 = 1

10(14 − 4x
(k)
2 − 4x

(k)
3 )

x
(k+1)
2 = 1

10(12 − 4x
(k)
1 − 8x

(k)
3 )

x
(k+1)
3 = 1

10(14 − 4x
(k)
1 − 8x

(k)
2 )

GSS��ªµ














x
(k+1)
1 = 1

10(14 − 4x
(k)
2 − 4x

(k)
3 )

x
(k+1)
2 = 1

10(12 − 4x
(k+1)
1 − 8x

(k)
3 )

x
(k+1)
3 = 1

10(14 − 4x
(k+1)
1 − 8x

(k+1)
2 )

SORS��ªµ














x
(k+1)
1 =x

(k)
1 +1.35

10 (14 − 10x
(k)
1 − 4x

(k)
2 − 4x

(k)
3 )

x
(k+1)
2 =x

(k)
2 +1.35

10 (12 − 4x
(k+1)
1 − 10x

(k)
2 − 8x

(k)
3 )

x
(k+1)
3 =x

(k)
3 +1.35

10 (14 − 4x
(k+1)
1 − 8x

(k+1)
2 − 10x

(k)
3 )

(2) duXêÝ
A´é¡�§���?^SÌfª©O�uD1 = 10,

D2 = 84, D3 = 296, �XêÝ
A´é¡�½�"Ïd§GSS�ÚSORS�ÑÂñ"
2D − A =









10 −4 −4

−4 10 −8

−4 −8 10









.
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ÏLO���2D − A�n�^SÌfª©OǱD1 = 10, D2 = 84, D3 = −216,�2D − AØ´é¡�½Ý
"duA´é¡�½�§�2D− AØé¡�½§¤±JacobiS�uÑ"
(3) �Ð�x(0) = (0, 0, 0)T , GS�{ÚSOR�{©O²L23gÚ14S���x
(23)
GS = x

(14)
SOR = (1.0000, 0.0000, 1.0000)T .

2. ©O^JacobiS�ÚGSS�¦)eã�5�§|µ














20x1 + 2x2 + 3x3 = 24

x1 + 8x2 + x3 = 12

2x1 − 3x2 + 15x3 = 30�Ð�x(0) = (0, 0, 0)T , °(��ê�o §¿3nØþ�äùü�S��ª�Âñ5")))µµµJacobiS��ª














x
(k+1)
1 = 1

20(24 − 2x
(k)
2 − 3x

(k)
3 )

x
(k+1)
2 =1

8(12 − x
(k)
1 − x

(k)
3 )

x
(k+1)
3 = 1

15(30 − 2x
(k)
1 + 3x

(k)
2 )

GSS��ªµ














x
(k+1)
1 = 1

20(24 − 2x
(k)
2 − 3x

(k)
3 )

x
(k+1)
2 =1

8(12 − x
(k+1)
1 − x

(k)
3 )

x
(k+1)
3 = 1

15(30 − 2x
(k+1)
1 + 3x

(k+1)
2 )é²wXêÝ
A´î�éÆÓ`�§¤±þãJS�ÚGSS��ªÑÂñ"�Ð�x(0) = (0, 0, 0)T . æ^JacobiS�§KS�7g���÷v°Ý�¦�x(7) = (0.76735, 1.13841, 2.12537)T . eæ^GSS�§KS�5g���÷v°Ý�¦�x(5) = (0.76735, 1.13841, 2.12537)T .

3. éeã�5�§|µ














x1 + 2x2 − 2x3 = 1

x1 + x2 + x3 = 2

2x1 + 2x2 + x3 = 3
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©O?Ø^JacobiS�ÚGSS��ñÑ5"))): ÄkO�z�S�{�S�Ý
, ,�2O�§��Ì�»"éuJacobi�{, k
BJ = D−1(L + U) =









0 −2 2

−1 0 −1

−2 −2 0









,ÙAÆõ�ªǱ
det(λI − BJ) =

∣

∣

∣

∣

∣

∣

∣

∣

λ 2 −2

1 λ 1

2 2 λ

∣

∣

∣

∣

∣

∣

∣

∣

= λ3.Ïdλ1 = λ2 = λ3 = 0, ρ(BJ ) = 0, ¤±JacobiS�´Âñ�"éuGSS�§k
BG = (D − L)−1U =









0 −2 2

0 2 −3

0 0 2









,ÙAÆõ�ªǱ
det(λI − BG) =

∣

∣

∣

∣

∣

∣

∣

∣

λ 2 −2

0 λ − 2 3

0 0 λ − 2

∣

∣

∣

∣

∣

∣

∣

∣

= λ(λ − 2)2.Ïd, λ1 = 0, λ2 = λ3 = 2, ρ(BG) = 2 > 1, ¤±GSS�´uÑ�"
4. Áyéun��þxkXe'Xª¤á:

‖x‖∞≤‖x‖1≤n‖x‖∞,

‖x‖∞≤‖x‖2≤
√

n · ‖x‖∞
1√
n
· ‖x‖1≤‖x‖2≤‖x‖1.yyyµµµUì�ê�O�úª

‖x‖∞ = max
1≤i≤n

|xi| = |xi0 |, (3,��Ii0þ�����),
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‖x‖1 =
n
∑

i=1

|xi|,

‖x‖2 =

√

√

√

√

n
∑

i=1

|xi|2.Äkk
‖x‖∞ = |xi0 | ≤ ‖x‖1 ≤ n|xi0 | = n‖x‖∞;ÓnǱk
‖x‖2

∞ = |xi0 |2 ≤ ‖x‖2
2 ≤ n|xi0 |2 = n‖x‖2

∞,ü>m�k
‖x‖∞ ≤ ‖x‖2 ≤

√
n · ‖x‖∞;|^�ÜØ�ª,¤á

‖x‖2
1 =

(

n
∑

i=1

1 · |xi|
)2

≤ n ·
n
∑

i=1

|xi|2,ü>m�=�
1√
n
· ‖x‖1 ≤ ‖x‖2;²w¤á

n
∑

i=1

|xi|2 ≤
(

n
∑

i=1

|xi|
)2

,ü>m�=�
‖x‖2 ≤ ‖x‖1.üªéá��µ

1√
n
· ‖x‖1 ≤ ‖x‖2 ≤ ‖x‖1.

5. y²µéuÝ
�ê§XJ‖A‖ < 1, K
‖(I + A)−1‖ ≤ 1

1 − ‖A‖ .yyyµµµÄky²I + A´�ÛÉÝ
(^�y{).bXI+A´ÛÉÝ
§Kàg�5�§(I+A)x = 0k�")x 6= 0,=x = −Ax.
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ü>��þ�ê, k‖x‖ = ‖Ax‖ ≤ ‖A‖ · ‖x‖. du‖x‖ 6= 0, ¤±‖A‖ ≥ 1, gñ"w,k
(I + A)−1(I + A) = I,dd

(I + A)−1 = I − (I + A)−1A.ü>�Ý
�ê§��
‖(I + A)−1‖ ≤ 1 + ‖(I + A)−1‖ · ‖A‖,¤±¤á

‖(I + A)−1‖ ≤ 1

1 − ‖A‖ .

6. ��5�§|Ax = b, Ù¥AǱn�é¡�½Ý
(�A�AÆ�÷vµ0 < α ≤
λ(A) ≤ β)§ïáXeS�úª

x(k+1) = x(k) + ω(b− Ax(k)), k = 0, 1, · · ·y²µ�0 < ω < 2
β
�§þãS�{Âñ"yyyµµµS��ª��¤

x(k+1) = (I − ωA)x(k) + ωb.�S�Ý
Bω = I − ωA. PA�n�AÆ�Ǳ0 < λ1 < λ2 < · · · < λn ≤ β,KBω�AÆ�Ǳ1− ωλ1, 1 − ωλ2, · · · , 1 − ωλn. �0 < ω < 2
β
�§k

1 − ωλi > 1 − 2

β
· β = −1, i = 1, 2, · · · , n.duω > 0, λ > 0, ÏdÓ�k

1 − ωλi < 1, i = 1, 2, · · ·n.¤±éui = 1, 2, · · · , n, |1 − ωλi| < 1, ǱÒ´ρ(Bω) < 1. ÏdS�Âñ"
53

    课后答案网：www.hackshp.cn 
若侵犯了您的版权利益，敬请来信告知！ 

  
课
后
答
案
网
 

ww
w.
ha
ck
sh
p.
cn
 



7. ÁyÝ

A =









1 a a

a 1 a

a a 1







éu−0.5 < a < 1�´�½�"�−0.5 < a < 0.5�§^JacobiS�¦)Ax =

b´Âñ�"yyyµµµÝ
A���^SÌfªǱµ
D1 = 1, D2 = 1 − a2, D3 = det(A) = (a − 1)2(2a + 1).d−0.5 < a < 1�íÑD2 > 0ÚD3 > 0, Ïd�−0.5 < a < 1�´Ý
�½�.�−0.5 < a < 0.5�, A�½�2D − AǱ´Óa.�Ý
§�´rëêa�Ǳ−a,ÏdǱ´�½�"¤±JacobiS�Âñ"¢Sþ, �−0.5 < a < 0.5�Ý
A´î�éÆÓ`�,Ǳ�±íÑJacobiS�Âñ"

8. y²éGSS�k
∥

∥x(k) − x(k−1)
∥

∥

∞ ≤ µk−1
∥

∥x(1) − x(0)
∥

∥

∞ ,Ù¥§µ = max
i

(

n
∑

j=i

|bij |/(1 −
i−1
∑

j=1

|bij |)
)

, ùpbij´GSS�Ý
���"yyyµµµ�GSS�Ǳ
x(k+1) = Bx(k) + g,Ù¥B = L + U , L´B�î�enÆÜ©§U´B�î�þnÆÜ©"ddk

x(k+1) = Lx(k+1) + Ux(k) + g,Ú
x(k) = Lx(k) + Ux(k−1) + g.üª�~k

x(k+1) − x(k) = L(x(k+1) − x(k)) + U(x(k) − x(k−1)).
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�|x(k+1)
i0

− x
(k)
i0
| = ‖x(k+1) − x(k)‖∞, Kk

‖x(k+1) − x(k)‖∞ = |x(k+1)
i0

− x
(k)
i0
|

=

∣

∣

∣

∣

∣

i0−1
∑

j=1

bi0j(x
(k+1)
j − x

(k)
j ) +

n
∑

j=i0

bi0j(x
(k)
j − x

(k−1)
j )

∣

∣

∣

∣

∣

≤ li0 · ‖x(k+1) − x(k)‖∞ + ui0 · ‖x(k) − x(k−1)‖∞,

(Ù¥li0 =
i0−1
∑

j=1

|bi0j |, ui0 =
n
∑

j=i0

|bi0j|.) ¤±§
‖x(k+1) − x(k)‖∞ ≤ ui0

1 − li0
· ‖x(k) − x(k−1)‖∞.4íÒkµ

‖x(k) − x(k−1)‖∞ ≤ µ · ‖x(k−1) − x(k−2)‖∞
≤ µk−1 · ‖x(1) − x(0)‖∞.

9. Á^��eü{)eã�5�§|




6 3

3 2









x1

x2



 =





0

−1



�x(0) = (0, 0)T , O��x(4).)))µµµék = 0, 1, 2, · · ·O�µ






















r(k) = b − Ax(k),

αk =
(r(k), r(k))

(Ar(k), r(k))
,

x(k+1)=x(k) + αkr
(k),O�(JXe:

x(1) =





0

−1
2



 , x(2) =





1
4
−1

2



 , x(3) =





1
4
−7

8



 , x(4) =





7
16
−7

8



 .
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10. ^�ÝFÝ{¦)eã�5�§|µ


























4 −1 0 −1 0 0

−1 4 −1 0 −1 0

0 −1 4 0 0 −1

−1 0 0 4 −1 0

0 −1 0 −1 4 −1

0 0 −1 0 −1 4





















































x1

x2

x3

x4

x5

x6



























=



























2

1

2

2

1

2

























)))µµµ�x(0) = (0, 0, 0, 0, 0, 0)T , p(0) = r(0) = b − Ax(0).ék = 0, 1, 2, · · · , O�:







































αk=‖r(k)‖2
2/(Ap(k), p(k)),

x(k+1)=x(k) + αk · p(k),

r(k+1)=r(k) − αkAp(k),

βk=‖r(k+1)‖2
2/‖r(k)‖2

2,

p(k+1)=r(k+1) + βkp
(k),²O�k:







































α0=0.4737,

x(1)=(0.9474, 0.4737, 0.9474, 0.9474, 0.4737, 0.9474)T,

r(1)=(−0.3684, 1.4737,−0.3684,−0.3684, 1.4737,−0.3684)T,

β0=0.2715,

p(1)=(0.1745, 1.7452, 0.1745, 0.1745, 1.7452, 0.1745)T,Ú






α1=0.3016,

x(2)=(1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.0000)T,N´wÑ��§|�°()Ǳµ
x∗ = (1, 1, 1, 1, 1, 1)T .��ÝFÝ{S�ügÒ¦�
)"
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SSSKKKÔÔÔ
1. |^�©{¦)�§x lnx = 1��§O(�3 �ê")))µµµ?��©{§SÚ¦��¼êXe§¿�N^µ

function [x,hist]=bisect(f,a,b,tol)

%%

%% find the zero of f in interval [a,b]

%% with f(a),f(b) having different signs

%% Usage [x,hist]=bisect(f,a,b,tol)

%%

if nargin<4, tol = 1e-5;

if nargin<3, b = a(2); a = a(1);

if nargin<2, error(’too few input!!’);

end; end; end

fa = feval(f,a);

fb = feval(f,b);

hist = [a b; fa fb];

if abs(fa)<tol,

x = a; return;

elseif abs(fb)<tol,

x = b; return;

elseif sign(fb)==sign(fa),

error(’f has the same signs at a and b!!’);

end

while abs(b-a)>tol,

t = a/2 + b/2;

ft = feval(f,t);

hist = [hist [t;ft]];

if abs(ft)<tol,

x = t; return;

elseif sign(ft)==sign(fb),

fb = ft;

b = t;

elseif sign(ft)==sign(fa),

fa = ft;

a = t;

end

end

x = (b+a)/2;

%% end of bisectÚ
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function v = f(x)

v = x * log(x) - 1;

% end5¿�§Ù¥Ǳ
;��U�ÄÑ§O�¥:±9�ä¼ê�ÓÒ�$�Ñ�A�
C/"N^ù�¼ê§Q,1 ln1 = 0Ú2 ln 2 = ln 4 > 1§ü� u«m[1, 2]�¥§·��^Xe�ª¦�µ
>> [x,hist]= bisect(’f’,1,2,1e-3)¦��§��Ǳx = 1.763, S�L§3Cþhist¥§�eLµ

x 1.0000 2.0000 1.5000 1.7500 1.8750 1.8125

f(x) -1.0000 0.3863 -0.3918 -0.0207 0.1786 0.0779

x 1.7813 1.7656 1.7578 1.7617 1.7637

f(x) 0.0283 0.0038 -0.0085 -0.0024 0.0007

2. Ǳ¦)�§x3 − x2 − 1 = 031.5NC����§�ò�§U�¤Xe�d/ª§
(1) x = 1 + 1

x,

(2) x3 = 1 + x2,

(3) x2 = 1
x − 1 ,Áïá�A�S�úª§?Ø�g�Âñ5§¿ÀÙ¥��O��o k�êi"))): -f(x) = x3 − x2 − 1, g1(x) = 1 + 1

x2 , g2(x) = 3
√

1 + x29g3(x) = 1√
x − 1

,Kf(1.4) = −0.216 < 0, f(1.5) = 0.125 > 0. Ïd¼êf(x)�k�«mǱ[1.4, 1.5]. �A�S�úªǱxk+1 = gi(xk), ©OǱéA�n�S�¼ê"éu?Ûx ∈ [1.4, 1.5], kµ
|g′

1(x)|=
∣

∣

∣− 2
x3

∣

∣

∣ ≤ 0.8 < 1,

|g′
2(x)|=

∣

∣

∣

∣

∣

∣

1
3

2x
3

√

(1 + x2)2

∣

∣

∣

∣

∣

∣

= 0.558 < 1,

|g′
3(x)|=

∣

∣

∣

∣

∣

∣

−1
2

1
√

(x − 1)3

∣

∣

∣

∣

∣

∣

≥ 1√
0.5

> 1,
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¤±§^g1Úg2�S��Âñ§^g3�ØÂñ"�±w�§g2�ê�þ.��§À§S�Xe: Ù¥Ð©�Ǳ1.5, S�S�Ǳ1.5, 1.4812, 1.4727, 1.4688,

1.4670, 1.4662, 1.4659. Ïd§Cq���Ǳ1.466. (e^g1S�§13Ú�Âñ")

3. ®�x = ϕ(x)3«m[a, b]S�k��§
3T«m¥|ϕ′(x)| ≥ k > 1, Á¯XÛ¦)ù�ØÄ:�§º¿r\��{A^�¦�§x = tanx34.5NC���¯Kþ"))): �ϕ(x)3«m[a, b]S��¼êǱg(x),K
|g′(x)| =

∣

∣

∣

∣

∣

1

ϕ′(t)|t=g(x)

∣

∣

∣

∣

∣

≤ 1

k
< 1.¤±S��ªxj+1 = g (xj)Âñ"¿�d�¼ê�5�§��ϕÚgk�Ó�ØÄ:"�é�§x = tanx, ��g34.5NC�L�ªǱx = arctanx + π. �Ð�4.5, B��XeS�S�µ

4.5, 4.4937, 4.4934, 4.4934,�§�Cq�Ïd��Ǳ4.4934.

4. ©O^Xe�{¦)�§x2 + 2xex + e2x = 0, �Ð�Ǳ0, S��o k�êi"
(1) IO�ÚîS�{¶
(2) k­���ÚîS�{¶
(3) Úîeì{"))): ?�¼ê�Ú�ê��MatLab©�Xeµ
function v =f(x)

v = x^2 + 2*x*exp(x) + exp(2*x);

% endÚ
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function v = g(x)

v = 2*x + 2*(x+1)*exp(x) + 2*exp(2*x);

% end|^�á¥�Úî{¦��§S§�XeN^
>> [x,it,hist] = newton(0,’f’,’g’,100,5e-5,0)

>> [x,it,hist] = newton(0,’f’,’g’,100,5e-5,1)Ò�±��IO�ÚîS�{ÚÚîeì{�(Jµ�§��Ǳx = −0.5643,ü��{Ñ´9ÚÂñ§S�L§Xe
0, −0.2500, −0.3986, −0.4802, −0.5230,

−0.5449, −0.5560, −0.5615, −0.5643.'uk­���ÚîS�{§¢Sþ��u¦)µ(x) =
f(x)
g(x)
�Úî{§Ù¥¼êfÚgǱc¡?�L�¼ê"?�¼êµ(x)9Ù�êν(x)�MatLab©�Xeµ

function v= mu(x)

v = f(x) / g(x);

% endÚ
function v = nu(x)

% f2 is the 2nd derivative of f

f2 = 2 + 2*(x+2)*exp(x) + 4*exp(2*x);

v = ( (g(x))^2 - f(x)*f2 ) / (g(x))^2;

% end¿�N^
>> [x,it,hist] = newton(0,’mu’,’nu’,100,5e-5,0)�±w�§�ÂñuÓ��)§�´�öS�Âñ�~¯"Xe´ÙS�S�

0, −0.6667, −0.5688, −0.5671.
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5. y²½n7.11.yyy²²²: Äky²dx(0) ∈ D, x(k+1) = G(x(k))�)�S�{x(k)} ⊂ D�k."ÏǱx(0) ∈ D, G(D) ⊂ D, ¤±x(1) = G(x(0)) ∈ D, x(2) = G(x(1)) ∈ D. dêÆ8B{�±y²éu¤kk, x(k) ∈ D, =S�{x(k)
}

⊂ D. dS�'X�±��µ
‖x(k+1) − x(k)‖ = ‖G(x(k)) − G(x(k−1))‖ ≤ L‖x(k) − x(k−1)‖,4í��

‖x(k+1) − x(k)‖ ≤ Lk‖x(1) − x(0)‖.Ïd§?¿�½ε > 0, ��m > n >
[

logL

(

ε(1−L)

‖x(1)−x(0)‖

)]

+ 1, Òk
‖x(m) − x(n)‖ ≤

m−1
∑

k=n

‖x(k+1) − x(k)‖

≤
m−1
∑

k=n

Lk‖x(1) − x(0)‖

< Ln

1 − L‖x(1) − x(0)‖
< ε,¤±S�{x(k)}�Âñ"�Ù4�Ǳx∗, KS�{G(xk−1)}4�ǱG(x∗), x∗´��ØÄ:"e,kØÄ:x̄∗÷vx̄∗ = G(x̄∗), K‖x∗ − x̄∗‖ ≤ ‖G(x∗) − G(x̄∗)‖ ≤

L‖x∗ − x̄∗‖, ÏǱL < 1, kx∗ = x̄∗. ¤±ØÄ:�3���"ÏǱ
‖x(k) − x(k−1)‖ ≥ ‖x(k−1) − x∗‖ − ‖x(k) − x∗‖

≥ 1
L
‖x(k) − x∗‖ − ‖x(k) − x∗‖

= 1 − L
L ‖x(k) − x∗‖.¤±‖x(k)−x∗‖ ≤ L

1 − L‖x(k)−x(k−1)‖. |^‖x(k)−x(k−1)‖ ≤ Lk−1‖x(1)−x(0)‖��,���Oª"
6. ��§S¢yü:Úü:��{§¿^5¦)�§x3 − 2x − 1 = 032NC��§'�§��Âñ�Ý"))): ´�T�§3«m[1, 2]Sk��"?���{§S9¼ê�MatLab©�Xeµ
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function [x,it,hist]=secant(x0,x1,f,maxit,tol,opt)

%%

%% Solve f(x)==0 by secant method,

%% Usage [x,it,hist]=secant(x0,x1,f,maxit,tol,opt)

%% opt == 1: 1-point secant

%% 2: 2-point secant

%%

if nargin<6, opt = 2;

if nargin<5, tol = 1e-4;

if nargin<4, maxit = 100;

if nargin<3, error(’too few input!!’);

end; end; end; end;

xold = x0;

x = x1;

fold = feval(f,xold);

fx = feval(f,x);

f0 = fold;

hist = [ x0 x1; fold fx];

for it = 1:maxit,

if opt==1,

xp = x0;

fp = f0;

elseif opt==2,

xp = xold;

fp = fold;

end

xn = x - fx * (x-xp) / (fx-fp) ;

fn = feval(f,xn);

hist = [hist [xn;fn] ];

if abs(fn)<tol,

disp(’Secant method successes!!’);

return;

end

if opt==2,

xold = x;

fold = fx;

end

x = xn;

fx = fn;

end

disp(’Secant method fails!!’);

%% end of secant
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Ú
function v = fun1(x)

v = x^3 - 2*x - 1;

% endÙ¥§��{�§SÓ�¢y
ü:ÚV:��{§Ñ\Cþopt�u1½2©O�L¤æ^���{´ü:ÚV:��{§"�ǱV:��{"·��±�XeN^µ
>> [x,it,hist] = secant(2,1,’fun1’,100,1e-4,1) % ü:��{
>> [x,it,hist] = secant(2,1,’fun1’,100,1e-4,2) % V:��{��Cq�Ǳ1.6180,S�L§XeLü:��{ V:��{S�Ú x f(x) x f(x)

1 2.0000 3.0000 2.0000 3.0000

2 1.0000 -2.0000 1.0000 -2.0000

3 1.4000 -1.0562 1.4000 -1.0560

4 1.5562 -0.3436 1.8475 1.6106

5 1.6018 -0.0937 1.5772 -0.2310

6 1.6139 -0.0243 1.6111 -0.0404

7 1.6170 -0.0062 1.6183 0.0014

8 1.6178 -0.0016 1.6180 -0.0000

9 1.6180 -0.0004

10 1.6180 -0.0001

11 1.6180 -0.000�±wÑ§V:��{S��¯"e3Ñ\�rÐ�x0Úx1 �é�§X
>> [x,it,hist]=secant(1,2,’fun1’,100,1e-4,1) % ü:��{
>> [x,it,hist]=secant(1,2,’fun1’,100,1e-4,2) % V:��{Kü:ÚV:��{©OI�49ÚÚ5Ú"Ïd·���ü:��{Âñ�¯ú�é�§Ý/�6uk�«mà:�gS§½ö�(�/`§�6u�½�@�:(=�{¥�x0)l)��C"
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7. y²S�ª
x0 > 0, xk+1 =

xk

(

x2
k + 3a

)

3x2
k + a

, k = 0, 1, 2, · · ·´O�√
a�3��{(a > 0)§¿�O

xk+1 −
√

a
(

xk −
√

a
)3 .yyy²²²: �¼êϕ(x) =

x
(

x2 + 3a
)

3x2 + a
, KTS�úª´ØÄ:S�xk+1 = ϕ(xk), O���

ϕ′(x) =
3x4 − 6ax2 + 3a2

(3x2 + a)2 ,¤±§ϕ′(
√

a) = 0, S��{��²�Âñ"Ǳ�OÂñ�§·��±O�¼êϕ����ê3√
a��"�e¡��ª5����µ·�k

xk+1 ±
√

a =
xk

(

x2
k + 3a

)

3x2
k + a

±
√

a =

(

xk ±
√

a
)3

3x2
k + a

.��KÒ�üª�Ø§k
xk+1 −

√
a

xk+1 +
√

a
=

(

xk −
√

a
)3

(

xk +
√

a
)3 .ÏǱxk → a, ¤±T�{n�Âñ§�k

xk+1 −
√

a
(

xk −
√

a
)3 =

xk+1 +
√

a
(

xk +
√

a
)3 → 1

(

2
√

a
)2 =

1

4a
.

8. b�3��{S�L§¥fÐ,�Úkxk = x∗, y²xk+1 = x∗.yyy²²²: ·�b½Ð©«mà:ÑØǱx∗. éuü:��{§ek,�xk = x∗,

xk+1 = x∗ − f(x∗)

f(x∗) − f(x0)
(x∗ − x0) = x∗,ÏǱf(x∗) = 0. éuV:��{§b�1�gÑyS�:Ǳx∗31kÚ§=xk = x∗�xk−1 6= x∗. d�§

xk+1 = x∗ − f(x∗)

f(x∗) − f(xk−1)
(x∗ − xk−1) = x∗,3ù«¿Âe§��{Ǳ´,«¿Âþ�ØÄ:S��ª"þãy²AÛ¿Â´�~²w�µ=�^­�þ�u§=,�ã§ek��à:3î¶þ§K§�î¶��:Ò´ù�:"
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9. �Ä��Cþ�Úî{§·�r§UEǱxk+1 = xk − f(xk)
d

, Ù¥dǱ,�~ê"ù��ª�o�ÿÂñºÂñ�Ý��Ǳ�o�Ýºkvk¦��ª´�gÂñ�~êd?))): -ϕ(x) = x − f(x)
d

, Kx∗´ϕ(x)�ØÄ:"�ÄØÄ:S��ªxk+1 =

ϕ(xk), =S�xk+1 = xk − f(xk)
d

. O���ϕ′(x) = 1− f ′(x∗)
d

, e�¦|ϕ′(x∗)| =
∣

∣

∣

∣

1 − f ′(x∗)
d

∣

∣

∣

∣

< 1, Ikd�f ′(x∗)ÓÒ§�|d| > 1
2 |f ′(x∗)| > 0. 
�f ′(x∗) =

0�§S�ØÂñ"d=S�Âñ�^�"e�k��Âñ§Ik|ϕ′(x∗)| =
∣

∣

∣

∣

1 − f ′(x∗)
d

∣

∣

∣

∣

, =d = f ′(x∗). Ød�	§Ù§÷vÂñ^��d, S��{Ñ�´�5Âñ"�,§~êd = f ′(x∗)3S�m©�´ØN´�O�"
10. A^�©{!Úî{!��{©O¦)e¡���¯Kµ

(1) x3 − 2x − 5 = 0;

(2) e−x = x;

(3) x sin x = 1;

(4) x3 − 3x2 + 4x − 1 = 0.))): |^11K¥��©{§S!16K¥���{§S±9�á¥�ÚîS�{§S§·��±¦)K8¤��o���5�§"Äk§(½z��§�k�«m½Cq�"N´wÑ§ùo��§�k�«m©OǱ[2, 3], [0, 1],
[0, π

2 ]Ú[0, 1]. Ùg§?�¦¼ê�Ú�ê��MatLab©�Xeµ
function f = testf(x)

global nprob

if nprob==1,

f = x^3 - 2*x - 5;

elseif nprob==2,

f = exp(-x) - x;

elseif nprob==3,

f = x*sin(x) - 1;

elseif nprob==4,

f = x^3 - 3*x^2 + 4*x - 1;

end

% endÚ
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function f = testg(x)

global nprob

if nprob==1,

f = 3*x^2 - 2;

elseif nprob==2,

f = -exp(-x) - 1;

elseif nprob==3,

f = sin(x) + x*cos(x);

elseif nprob==4,

f = 3*x^2 - 6*x + 4;

end

% end¢Sþ�kÚîS�{I�^��ê¼êtestg. ù�¥�nprob´�ÛCþ§ùp·�^§5«OzgÁ��¦��¼ê§ÏdØ7;�,�o�MatLab¼ê©�5¦§��¼ê�"(P�3N^�Ǳ�(²nprobǱ�ÛCþ") ��§?�o�N^§S§~X
function testall

global nprob

a = [2 0 0 0];

b = [3 1 pi/2 1];

tol = 1e-6;

maxit = 100;

for nprob=1:4,

a1 = a(nprob);

b1 = b(nprob);

% bisection method

[x1, hist1] = bisect(’testf’,a1,b1,tol);

it1 = size(hist1,2) - 2;

% newton method

[x2,it2,hist2] = newton...

((a1+b1)/2,’testf’,’testg’,maxit,tol,1);

% secant method

% one-point

[x3,it3,hist3] = secant(a1,b1,’testf’,maxit,tol,1);

% two-point

[x4,it4,hist4] = secant(a1,b1,’testf’,maxit,tol,2);

x (nprob,:) = [x1 x2 x3 x4];

it(nprob,:) = [it1 it2 it3 it4];

end

home
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fprintf...

(’ === Solution and Iteration Numbers ===\n’);

fprintf...

(’ PROB BISECT NEWTON SECANT(1p) SECANT(2p) \n’);

fprintf...

(’ -------------------------------------------------\n’);

for nprob=1:4,

fprintf(’%6d ’,nprob);

fprintf(’ %6.4f’,x(nprob,:));

fprintf(’\n ’);

fprintf(’%10d’,it(nprob,:));

fprintf(’\n’);

end3·-1S$1testall, K�±3MatLab·-I�¥w��ª�ê�(JXeµ
=== Solution and Iteration Numbers ===

PROB BISECT NEWTON SECANT(1p) SECANT(2p)

-------------------------------------------------

1 2.0946 2.0946 2.0946 2.0945

20 5 6 5

2 0.5671 0.5671 0.5671 0.5672

20 3 7 4

3 1.1142 1.1142 1.1142 1.1142

20 4 22 4

4 0.3177 0.3177 0.3177 0.3176

20 5 11 6ùp§¤k�S��{Ñ�Âñ°ÝǱ1e-6,��S�ÚêǱ100. éu�©{Ú��{§Ð©«m(½Ð©�ü�S�:)Ǳk�«m�à:§Úî{�Ð©:�Ǳk�«m�¥:" êêê���¢¢¢���KKK
1. ¢��©��§S¢ye¡¯K�Úî�{Ú[Úî�{µ¦)�§|







(x1 + 3)(x3
2 − 7) = −18

sin(x2 ex1 − 1) = 0)))µµµÄk§·�æ^[Úî{¦)ù��§|"§SXeµ
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function [x,it,hist,flag] = qn(x0,f,maxit,tol)

if nargin<4, tol = 1e-5;

if nargin<3, maxit = 1000;

if nargin<2, error(’too few input!!’);

end; end; end % default parameter

flag = 0; % initialize

x = x0(:);

hist = x;

fx = feval(f,x);

H = eye(length(x));

for it = 1:maxit, % main iterate

if norm(fx)<=tol, % converge

disp(’Quasi-Newton Iteration successes!!’);

flag = 1;

return;

end

s = - H * fx; % quasi-newton direction

xn = x + s; % new trial point

fxn = feval(f,xn); % and its value

if any(isnan(x)), return; end % return if overflow

while norm(fxn) > norm(fx), % step reduce

s = s * 0.9; % reduce factor 0.9

xn = x + s;

fxn = feval(f,xn);

end

y = fxn - fx; % difference of gradient

hist= [hist xn]; % iteration history

Hy = H*y;

ys = y’*s;

% ys could be too small, using Powell skill

if ys < 0.2*y’*Hy,

t = 0.8*y’*Hy/(y’*Hy-ys);

y = t*y + (1-t)*Hy;

ys= y’*s;

end

Hy = H*y;

% R1 Update

H = H + (s-Hy)*s’*H/(s’*Hy);

% DFP

% H = H - Hy*Hy’/(y’*Hy) + s*s’/ys;

% BFGS

% H = H - (Hy*s’+s*Hy’)/ys + (1+y’*Hy/ys) * s*s’/ys;
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x = xn; % new iterate

fx = fxn; % new function value

end

% endù��{æ^�ëêǱµª�S����¼ê��êǱ1e-5, ��S�ÚêǱ1000, Ú� áÏfǱ0.9. Öö�±æ^ØÓ�[Úî{?�úª§·�3§S¥Ó��Ñ�1?�ÚDFP§BFGS?�úª"UCǱØÓ?�úª�[Úî{�I�UCùn�úªc¡%� �"d	§·�^�
PowellE|"éuù�E|�$^Öö�±ë�ê��`z�á¥'u[Úî�{�Ü©"Ùg§·�r�§|��C/Xe






(x1 + 3) + 18
x3

2 − 7
= 0

sin(x2 ex1 − 1) = 0éu[Úî{§·��I�Xe��£¼ê��MatLab©�µ(Ööeæ^Úî{§LJø�£�ê��©�)

function v = f711(x)

v = [ (x(1)+3)+18/(x(2)^3-7)

sin(x(2)*exp(x(1))-1) ];

% end$1�§�I�3·-1v\Xe�·-=�
>> [x,it,hist,flag] = qn([0,0],’f711’,1000,1e-5)Ù¥§[0, 0]´Ð�§f711´¼ê¶§1000Ǳ��S�Úê§1e-5´¦)�°Ý"�£�Cþ¥§xǱ)§it´¢S�S�Ú§hist�z����XS����Cq)§flag´Âñ�Ä�I�"[Úî{éÐ�Ǳ´k�½�¦�"~X§·��±ÿÁÐ©:(x1, x2)Ǳ«�{−10 ≤ x ≤ 10,−10 ≤ y ≤ 10} S¤k�IǱ�ê�:�[Úî{�Âñ�¹"d�§�±�����©�Xe§�Ǳtestqn.m:

warning off;

suc = 0;

total = 0;

for i = -10:10,
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for j = -10:10,

total = total+1;

[x,it,hist,flag] = qn([i,j],’f711’,1000,1e-5);

if flag,

disp(’success’);

[flag,i,j,it,x’],

suc=suc+1;

%pause

else

disp(’fail’);

end

end

end

fprintf(’Quasi-Newton iterates successfully %d among %d\n’,...

suc,total);(Jw«§[Úî{3441gÿÁ¥k266gS�¤õ"(erPowellE|Ñ�§½¦^DFP½BFGS?�§KÿÁ(J��") ¦^MatLabSÜ¼ê¦)§ǱL?�f711¼ê©�§,��±XeN^µ
>> x = fsolve(’f711’,[0,0])Ù¥§fsolve´MatLabXÚ�SÜ¼ê§T¼ê¦)��5�§�¦^
Nõ�`z�¡�Eâ"k'T·-��[0�§Öö�±ë�MatLab¦^Ãþ½k'�`zÖ7¥��5�§¦����\/?Ø"(,5µ'uT�§�nØ5�§·��±w�§ØÓ�Ð©�¬���{ÂñuØÓ�)"¢Sþ§Ø
�)(0, 1)	§T�§ǱkÙ§�)§~X3x1 = −3NC
x2�é������/")

2. ¢��©Z�3�í¥-�÷ve¡��§|§Ù¥R = 4.056743, S =
10
∑

i=1

xi,

xiǱ-�L§¥�«Ô����ê"�}Á^Úî{![Úî{½MatLab¥¼
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ê��{¦)þã���5�§|"






























































































x1 + x4=3,

2x1 + x2 + x4 + x7 + x8 + x9 + 2x10=R + 10,

2x2 + 2x5 + x6 + x7=8,

2x3 + x5=4R,

x1x5 − 0.193x2x4=0,

x6
√

x2 − 0.002597
√

x2x4S=0,

x7
√

x4 − 0.003488
√

x1x4S=0,

x4x8 − 0.00001799x2S=0,

x4x9 − 0.0002155x1

√
x3S=0,

x2
4 (x10 − 0.00003846S)=0,))): �K¥§¤kCþ�¦�K"¢Sþ§3x2 = 0, x4 = 0½S = 0�:?¼êØ��"Ïd§^Úî{S�L§¥§·��¦¤kCþ�u""{ü/��Ú�=���ù�:"b�3Úî{S�L§¥§·�kx(k) > 0(L«§¤k©þǱ�)§Úî�{�����d(k) = −

(

J (k)
)−1

f
(

x(k)
)

, Ù¥fǱ¤�¦)�¼ê§
J´¼êf3�cS�:�JacobiÝ
"3Úîeì{¥§·���x(k+1) = x(k) + αkd
(k)"y3Ǳ
�yCþ�K�5�§·��¦

0 < αk ≤ αmax = max
{

α|x(k) + αd(k) ≥ 0
}

.e¡§Spropane.m¥�Ù¦Ü©Ó�á¥�Úî{"(Öö�±?�aquc�K�[Úî{)"
function [x,fx,it,hist] = propane(x0,maxit,tol)

%%

%% solves the equation of propane combustion in the air

%% by Newton method

%% Usage:: [x,fx,it,hist] = propane(x0,maxit,tol)

%%

if nargin<3, tol = 1e-16;

if nargin<2, maxit = 200;

if nargin<1, error(’please give an initial x0!!’);

end; end; end;

if any(x0<0), error(’xi should be nonnegative!!’); end
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if size(x0,2)~=1, x0=x0’; end

x = x0;

hist = x;

for it = 1:maxit,

[fx,Gx] = h(x);

% return if solution is found

if norm(fx)<=tol,

disp(’Newton Iteration successes!!’);

return;

end

d = - Gx\fx; % Newton direction

ind = find(d<0); % indices with d<0

if isempty(ind),

lmax = 1.0;

else

lmax = min(-x(ind)./d(ind))-10*tol; % maximum step length

end

lambda = min(1.0, lmax); % initial step length

xn = x + lambda * d; % trial step

fn = h(xn); % new function value

while norm(fn) >= norm(fx),

lambda = lambda * 0.85; % downhill factor

if lambda<tol, % too short steps

error(’too short step!!’);

end

xn = x + lambda * d; % new value

fn = h(xn);

end

x = xn;

fx = fn;

hist = [hist x];

end

disp(’Newton Iteration fails!!’);

%% end of NewtonÖöI�JøÓ��£¼ê�Ú�ê��MatLab¼ê©�"T©�Xe©©©���h.m

function [y,G]=h(x)

%% propane combustion in the air

a = 0.193;

b = 0.002597;
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c = 0.003448;

d = 0.00001799;

e = 0.0002155;

f = 0.00003846;

R = 4.056743;

S = sum(x);

% function value

y = zeros(10,1);

y( 1) = x(1) + x(4) - 3 ;

y( 2) = 2*x(1) + sum(x([2 4 7 8 9])) + 2*x(10) - R - 10 ;

y( 3) = 2*x(2) + 2*x(5) + x(6) + x(7) - 8 ;

y( 4) = 2*x(3) + x(5) - 4*R ;

y( 5) = x(1)*x(5) - a*x(2)*x(4) ;

y( 6) = x(6)*sqrt(x(2)) - b * sqrt( x(2)*x(4)*S ) ;

y( 7) = x(7)*sqrt(x(4)) - c * sqrt( x(1)*x(4)*S ) ;

y( 8) = x(4)*x(8) - d * x(2)*S ;

y( 9) = x(4)*x(9) - e * x(1)*sqrt( x(3)*S ) ;

y(10) = x(4)^2 * (x(10) - f * S) ;

if nargout<2, return; end % quick return

% gradient value

h6i = - b*sqrt(x(2)*x(4))/sqrt(S)/2 ; % i~=2,4

h62 = x(6)/sqrt(x(2))/2 ...

- b*sqrt(x(4))*(S+x(2))/sqrt(x(2)*S)/2 ;

h64 = -b * sqrt(x(2)) * (x(4)+S)/sqrt(x(4)*S)/2 ;

h66 = sqrt(x(2)) + h6i ;

h7i = - c*sqrt(x(1)*x(4))/sqrt(S)/2 ; % i~=1,4

h71 = - c*sqrt(x(4))*(S+x(1))/sqrt(x(1)*S)/2 ;

h74 = x(7)/sqrt(x(4))/2 ...

- c*sqrt(x(1))*(S+x(4))/sqrt(x(4)*S)/2 ;

h77 = sqrt(x(4)) + h7i ;

h8i = - d * x(2) ; % i~=2

h82 = - d * (S+x(2)) ;

h84 = x(8) + h8i ;

h88 = x(4) + h8i ;

h9i = -e * x(1)*sqrt(x(3))/sqrt(S)/2 ; % i~=1,3

h91 = -e * sqrt(x(3)*S) + h9i ;

h93 = -e * x(1)*sqrt(S/x(3))/2 + h9i ;

h94 = x(9) + h9i ;

h99 = x(4) + h9i ;

h0i = -f * x(4)^2 ;

h04 = 2*x(4)*( x(10) - f * S ) + h0i ;

h00 = x(4)^2 + h0i ;
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G = [ 1 0 0 1 0 0 0 0 0 0 ;

2 1 0 1 0 0 1 1 1 2 ;

0 2 0 0 2 1 1 0 0 0 ;

0 0 2 0 1 0 0 0 0 0 ;

x(5) -a*x(4) 0 -a*x(2) x(1) 0 0 0 0 0 ;

h6i h62 h6i h64 h6i h66 h6i h6i h6i h6i;

h71 h7i h7i h74 h7i h7i h77 h7i h7i h7i;

h8i h82 h8i h84 h8i h8i h8i h88 h8i h8i;

h91 h9i h93 h94 h9i h9i h9i h9i h99 h9i;

h0i h0i h0i h04 h0i h0i h0i h0i h0i h00;

];N^Xe:

>> alpha = 0.5;

>> [x,fx,it] = propane(ones(10,1)*alpha)¦��§�)9S�ÚêXe
x = (2.9977,3.9861,8.1132,0.0023,0.0006,

0.0005,0.0261,0.5897,3.4557,0.0007)

fx = 1.0e-018 * (0, 0, 0, 0, -0.2168, 0, 0, 0.2168, 0, 0.0000)

it = 11Ù¥alpha�±U¤Ǳ0.5:0.1:3.6¥�?��§S�Úê311Ú�21Ú�m"lùp�±w�§Úî{éÐ��´k�½�¦�"ù�K8Úc�KØ���´§¯K��Û¹XCþ��K5�§�)�§¥¹k�Ò"Ööe^fsolve�}Á¦)�¬uy§MatLab�ù�SÜ¼ê²~¬�kJÜ�)§¢SþJÜ®²�~�
§�±���ï"N^Xeµ
>> alpha = 1.0

>> x = fsolve(’h’,ones(10,1)*alpha)

>> x = real(x)l1�1·-¥�±w�¦ÑE���¹§~Xalpha=5�¦��)"SSSKKKlll
1. ^¦�{¦e�Ý
�U���AÆ�9�A�AÆ�þµ

(1)









2 3 2

10 3 4

3 6 1









; (2)









3 −4 3

−4 6 3

3 3 1









.
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�AÆ�kn �ê­½�S�ª�")))µµµ(1) �v0 = (1, 1, 1)T , Ku0 = (1, 1, 1)T ,

i vi = Aui−1 Pi ui

1 (7, 17, 10)T 17 (0.4118, 1.0000, 0.5882)T

2 (5.0000, 9.4706, 7.8235)T 9.4706 (0.5280, 1.0000, 0.8261)T

3 (5.7081, 11.5839, 8.4099)T 11.5839 (0.4928, 1.0000, 0.7260)T

4 (5.4375, 10.8316, 8.2043)T 10.8316 (0.5020, 1.0000, 0.7574)T

5 (5.5189, 11.0498, 8.2635)T 11.0498 (0.4995, 1.0000, 0.7478)T

6 (5.4946, 10.9859, 8.2462)T 10.9859 (0.5001, 1.0000, 0.7506)T

7 (5.5015, 11.0040, 8.2511)T 11.0040 (0.5000, 1.0000, 0.7498)T

8 (5.4996, 10.9987, 8.2497)T 10.9989 (0.5000, 1.0000, 0.7500)T

9 (5.5001, 11.0003, 8.2501)T 11.0003 (0.5000, 1.0000, 0.7500)T

10 (5.5000, 10.9999, 8.2500)T 11.0000 (0.5000, 1.0000, 0.7500)TÏdÝ
�U����AÆ�Ǳ11.0000,éA�AÆ�þǱ
(0.5000, 1.0000, 0.7500)T .
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(2) �v0 = (1, 1, 1)T , Ku0 = (1, 1, 1)T ,

i vi = Aui−1 Pi ui

1 (2, 5, 7)T 7 (0.2857, 0.7143, 1.0000)T

2 (1.0000, 6.1429, 4.0000)T 6.1429 (0.1628, 1.0000, 0.6512)T

3 (−1.5581, 7.3023, 4.1395)T 7.3023 (−0.2134, 1.0000, 0.5669)T

4 (−2.9395, 8.5541, 2.9268)T 8.5541 (−0.3436, 1.0000, 0.3421)T

5 (−4.0045, 8.4010, 2.3112)T 8.4010 (−0.4767, 1.0000, 0.2751)T

6 (−4.6047, 8.7320, 1.8451)T 8.7320 (−0.5273, 1.0000, 0.2113)T

7 (−4.9481, 8.7432, 1.6293)T 8.7432 (−0.5659, 1.0000, 0.1864)T

8 (−5.1387, 8.8228, 1.4886)T 8.8228 (−0.5824, 1.0000, 0.1687)T

9 (−5.2412, 8.8359, 1.4214)T 8.8359 (−0.5932, 1.0000, 0.1609)T

10 (−5.2969, 8.8553, 1.3814)T 8.8553 (−0.5982, 1.0000, 0.1560)T

11 (−5.3265, 8.8606, 1.3615)T 8.8606 (−0.6011, 1.0000, 0.1537)T

12 (−5.3425, 8.8655, 1.3502)T 8.8655 (−0.6026, 1.0000, 0.1523)T

13 (−5.3509, 8.8673, 1.3445)T 8.8673 (−0.6034, 1.0000, 0.1516)T

14 (−5.3555, 8.8686, 1.3413)T 8.8686 (−0.6039, 1.0000, 0.1512)T

15 (−5.3579, 8.8692, 1.3396)T 8.8692 (−0.6041, 1.0000, 0.1510)TÏdÝ
�U����AÆ�Ǳ8.8692,éA�AÆ�þǱ
(−0.6041, 1.0000, 0.1510)T .

2. ^¦�{¦Ý
A�U���AÆ�§�Ð�x(0) = (1, 1, 1, 1)T , Ù¥
A =















2 1 3 4

1 −3 1 5

3 1 6 −2

4 5 −2 −1















.

ù´��O��Ýéú�~f"(S�1200g�§λ1=��°(o �ê)")))µµµ�ë��ÙO�Å¢SK11K"
76

    课后答案网：www.hackshp.cn 
若侵犯了您的版权利益，敬请来信告知！ 

  
课
后
答
案
网
 

ww
w.
ha
ck
sh
p.
cn
 



3. ^��{¦Ý
A�U����AÆ�"Ù¥
A =









2 0 0

2 2 1

1 1 2









.)))µµµ�v0 = (1, 1, 1)T , Ku0 = (1, 1, 1)T , éA?1LU©)§k
A = LU =









1 0 0

1 1 0

0.5 0.5 1

















2 0 0

0 2 1

0 0 1.5









.O�L§Xeµ
uk = vk

max(vk)
,

Lyk = uk,

Uvk+1 = yk, (k = 1, 2, · · · ).
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(JXeLµ
k vk uk

1
max(vk)

0 (1, 1, , 1)T (1, , 1, 1)T 1

1 (0.5000,−0.1667, 0.3333)T (1.0000,−0.3333, 0.6667)T 2

2 (0.5000,−0.9444, 0.5556)T (−0.5294, 1.0000,−0.5882)T −1.0588

3 (−0.2647, 1.1275,−0.7255)T (−0.2348, 1.0000,−0.6435)T 0.8870

4 (−0.1174, 0.9986,−0.7623)T (−0.1176, 1.0000,−0.7634)T 1.0015

5 (−0.0588, 0.9799,−0.8423)T (−0.0600, 1.0000,−0.8595)T 1.0205

6 (−0.0300, 0.9832,−0.9064)T (−0.0305, 1.0000,−0.9219)T 1.0171

7 (−0.0153, 0.9892,−0.9479)T (−0.0154, 1.0000,−0.9583)T 1.0109

8 (−0.0077, 0.9938,−0.9722)T (−0.0078, 1.0000,−0.9782)T 1.0062

9 (−0.0039, 0.9966,−0.9855)T (−0.0039, 1.0000,−0.9888)T 1.0034

10 (−0.0019, 0.9982,−0.9926)T (−0.0019, 1.0000,−0.9943)T 1.0018

11 (−0.0010, 0.9991,−0.9962)T (−0.0010, 1.0000,−0.9971)T 1.0009

12 (−0.0005, 0.9995,−0.9981)T (−0.0005, 1.0000,−0.9986)T 1.0005

13 (−0.0002, 0.9998,−0.9990)T (−0.0002, 1.0000,−0.9993)T 1.0002

14 (−0.0001, 0.9999,−0.9995)T (−0.0001, 1.0000,−0.9996)T 1.0001

15 (−0.0001, 0.9999,−0.9998)T (−0.0001, 1.0000,−0.9998)T 1.0001

16 (−0.0000, 1.0000,−0.9999)T (−0.0000, 1.0000,−0.9999)T 1.0000

17 (−0.0000, 1.0000,−0.9999)T (−0.0000, 1.0000,−1.0000)T 1.0000

18 (−0.0000, 1.0000,−1.0000)T (−0.0000, 1.0000,−1.0000)T 1.0000ÏdÝ
A�U���AÆ�Ǳ1.0000.

4. ®��þx = (1, 2,−2)T , ©O^��C�Ú²¡^=C�òÙCǱ�ü �þe1 = (1, 0, 0)T²1��þ")))µµµ^��C�µ
α = ‖x‖2 =

√

1 + 22 + (−2)2 = 3, y = α · e1 = (3, 0, 0)T .
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�EHouseholderÝ

H = I − 2

(x − y)(x − y)T

‖x − y‖2
2

=
1

3









1 2 −2

2 1 2

−2 2 1









,´u�§
Hx =

1

3









9

0

0









=









3

0

0









= y.^²¡^=C�µ1�Ú§�^=Ý

R(1, 2, θ1) =









cos θ1 sin θ1 0

− sin θ1 cos θ1 0

0 0 1









,K
z = R(1, 2, θ1)x = (cos θ1 + 2 sin θ1,− sin θ1 + 2 cos θ1,−2)T .�θ1¦− sin θ1 + 2 cos θ1 = 0, Ksin θ1 = 2√

5
Úcos θ1 = 1√

5
, u´��z =

(
√

5, 0,−2).1�Ú§�^=Ý

R(1, 3, θ2) =









cos θ2 0 sin θ2

0 1 0

− sin θ2 0 cos θ2









,K
y = R(1, 3, θ2)z = (

√
5 cos θ2 − 2 sin θ2, 0,−

√
5 sin θ2 − 2 cos θ2)

T .�θ2¦−
√

5 sin θ2 − 2 cos θ2 = 0, Ksin θ2 = −2
3Úcos θ2 =

√
5

3 , ����y =

(3, 0, 0)T .

79

    课后答案网：www.hackshp.cn 
若侵犯了您的版权利益，敬请来信告知！ 

  
课
后
答
案
网
 

ww
w.
ha
ck
sh
p.
cn
 



5. ^HouseholderC�re¡Ý
z¤néÆ/ªµ
(1)















4 −1 −1 0

−1 4 0 −1

−1 0 4 −1

0 −1 −1 4















; (2)















5 −2 −0.5 1.5

−2 5 1.5 −0.5

−0.5 1.5 5 −2

1.5 −0.5 −2 5















;

(3)





















8 0.25 0.5 2 −1

0.25 −4 0 1 2

0.5 0 5 0.75 −1

2 1 0.75 5 −0.5

−1 2 −1 −0.5 6





















; (4)





















2 −1 −1 0 0

−1 3 0 −2 0

−1 0 4 2 1

0 −2 2 8 3

0 0 1 3 9





















.

)))µµµ�Ý
A = (a1, a2, · · · , an)Ǳé¡
, Ù¥aj = (a1j , a2j , · · · , anj)
T , (j =

1, 2, · · · , n).1�Úµéa1(½u1,¦�H1a1 = (I−2u1u
T
1 )a1 = b1,Ù¥b1 = (a11, σ1, 0, · · · , 0)T ,

σ1 = −sign(a21)

(

n
∑

i=2

a2
i1

)
1
2

. -
A2 = HA1H

T = HAHT =





















α1 σ1 0 · · · 0

σ1 a
(2)
22 a

(2)
23 · · · a

(2)
2n

0 a
(2)
32 a

(2)
33 · · · a

(2)
3n

...
...

...
. . .

...

0 a
(2)
n2 a

(2)
n3 · · · a

(2)
nn





















,

Ù¥a
(2)
2 = (a

(2)
22 , · · · , a

(2)
n2 )T .1�Úµéa

(2)
2 (½u2,¦�H̄2a

(2)
2 = (I−2u2u

T
2 )a

(2)
2 = b2,Ù¥b2 = (a

(2)
22 , σ2, 0, · · · , 0)T ,

σ2 = −sign(a
(2)
32 )

(

n
∑

i=3

(a
(2)
i2 )2

)
1
2

. 2-
H2 =





1 0

0 H̄2



 ,
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K
A3 = H2A2H

T
2 =





















α1 σ1 0 · · · 0

σ1 α2 σ2 · · · 0

0 σ2 a
(3)
33 · · · a

(3)
3n

...
...

...
. . .

...

0 0 a
(3)
n3 · · · a

(3)
nn





















.

­EþãL§§²Ln − 2Ú§��Ð���
H1, H2, · · · , Hn−2, ¦�T =

Hn−2 · · ·H2H1AHT
1 HT

2 · · ·HT
n−2, ¢y
A�néÆz"

(1)

A1 = A =















4 −1 −1 0

−1 4 0 −1

−1 0 4 −1

0 −1 −1 4















, H1 =















1 0 0 0

0 −0.7071 −0.7071 0

0 −0.7071 0.7071 0

0 0 0 1















,

A2 =















4 1.4142 0 0

1.4142 4 0 1.4142

0 0 4 0

0 1.4142 0 4















, H2 =















1 0 0 0

0 1 0 0

0 0 0 1

0 0 1 0















,���
T = A3 =















4 1.4142 0 0

1.4142 4 1.4142 0

0 1.4142 4 0

0 0 0 4















.

(2)

A1 = A =















5 −2 −0.5 1.5

−2 5 1.5 −0.5

−0.5 1.5 5 −2

1.5 −0.5 −2 5















, H1 =















1 0 0 0

0 −0.7845 −0.1961 0.5883

0 −0.1961 0.9784 0.0647

0 0.5883 0.0647 0.8060















,
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A2 =















5 2.5495 0 0

2.5495 6.3846 −2.1366 0.1340

0 −2.1366 4.1839 −0.6812

0 0.1340 −0.6812 4.4314















, H2 =















1 0 0 0

0 1 0 0

0 0 −0.9980 0.0626

0 0 0.0626 −0.9980















,���
T = A3 =















5 2.5495 0 0

2.5495 6.3846 2.1408 0

0 2.1408 4.2700 0.6913

0 0 0.6913 4.3454















.

(3)

A1 = A =





















8 0.25 0.5 2 −1

0.25 −4 0 1 2

0.5 0 5 0.75 −1

2 1 0.75 5 −0.5

−1 2 −1 −0.5 6





















,

H1 =





















1 0 0 0 0

0 −0.1085 −0.2169 −0.8677 0.4339

0 −0.2169 0.9575 −0.1698 0.0849

0 −0.8677 −0.1698 0.3207 0.3396

0 0.4339 0.0849 0.3396 0.8302





















,

A2 =





















8 −2.3049 0 0 0

−2.3049 5.9294 −1.0938 −0.5247 0.8860

0 −1.0938 4.1916 −1.9258 −0.0293

0 −0.5247 −1.9258 −3.4718 2.2671

0 0.8860 −0.0293 2.2671 5.3509





















,
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H2 =





















1 0 0 0 0

0 1 0 0 0

0 0 −0.7281 −0.3493 0.5898

0 0 −0.3493 0.9294 0.1192

0 0 0.5898 0.1192 0.7987





















,

A3 =





















8 −2.3049 0 0 0

−2.3049 5.9294 1.5023 0 0

0 1.5023 1.7715 4.7944 0.9629

0 0 4.7944 −0.6564 0.0071

0 0 0.9629 0.0071 4.9555





















,

H3 =





















1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 −0.9804 −0.1969

0 0 0 −0.1969 0.9804





















,

���
T = A4 =





















8 −2.3049 0 0 0

−2.3049 5.9294 1.5023 0 0

0 1.5023 1.7715 −4.8902 0

0 0 −4.8902 −0.4361 −1.0899

0 0 0 −1.0899 4.7352





















.

(4)

A1 = A =





















2 −1 −1 0 0

−1 3 0 −2 0

−1 0 4 2 1

0 −2 2 8 3

0 0 1 3 9





















, H1 =





















1 0 0 0 0

0 −0.7071 −0.7071 0 0

0 −0.7071 0.7071 0 0

0 0 0 1 0

0 0 0 0 1





















,
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A2 =





















2 1.4142 0 0 0

1.4142 3.5 −0.5 0 −0.7071

0 −0.5 3.5 2.8284 0.7071

0 0 2.8284 8 3

0 −0.7071 0.7071 3 9





















,

H2 =





















1 0 0 0 0

0 1 0 0 0

0 0 −0.5774 0 −0.8165

0 0 0 1 0

0 0 −0.8165 0 0.5774





















,

A3 =





















2 1.4142 0 0 0

1.4142 3.5 0.8660 0 0

0 0.8660 7.8333 −4.0825 −2.3570

0 0 −4.0825 8 −0.5774

0 0 −2.3570 −0.5774 4.6667





















,

H3 =





















1 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 −0.8660 −0.5

0 0 0 −0.5 0.8660





















,

���
T = A4 =





















2 1.4142 0 0 0

1.4142 3.5 0.8660 0 0

0 0.8660 7.8333 4.7140 0

0 0 4.7140 6.6667 1.7321

0 0 0 1.7321 6





















.
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6. �A =









1 1 1

2 −1 −1

2 −4 5









^��C�Ú²¡^=C�éA�QR©)")))µµµ^��C��QR©)µ
A1 = A = (a1, a2, a3).1�Úµ¦H1¦H1a1 = −σ1e1, Ù¥e1 = (1, 0, 0)T .

σ1 = sign(a11)

(

3
∑

i=1

a2
i1

)
1
2

=
√

1 + 22 + 22 = 3,

u1 = a1 + σ1e1

‖a1 + σ1e1‖2
=

(√
6

3 ,

√
6

6 ,

√
6

6

)T

,

H1 = I − 2u1u
T
1 = 1

3









−1 −2 −2

−2 2 −1

−2 −1 2









.u´��
A2 = H1A1 =









−3 3 −3

0 0 −3

0 −3 3







1�Úµ-a
(2)
2 = (0,−3)T , ¦H̄2, ¦H̄2a2(2) = −σ2e2, Ù¥e2 = (1, 0)T .

σ2 = sign(a
(2)
22 )

(

3
∑

i=2

(a
(2)
i2 )2

)
1
2

=
√

0 + (−3)2 = 3,

u2 =
a

(2)
2 + σ2e2

‖a(2)
2 + σ2e2‖2

=

(√
2

2 ,−
√

2
2

)T

,

H̄2 = I − 2u2u
T
2 =





0 1

1 0



 .¤±
H2 =









1 0 0

0 0 1

0 1 0









.
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u´��
A3 = H2H1A1 =









−3 3 −3

0 −3 3

0 0 −3









= R.

A = (H2H1)
−1R = QR, Q =

1

3









−1 −2 −2

−2 −1 2

−2 2 −1









.^²¡^=C��QR©)µ1�Úµ¦R1 = R(1, 2, θ1)¦A1 = R1A, Ù¥A1�12111�a
(1)
21 = 0. d

a
(1)
21 = − sin θ1 + 2 cos θ1 = 0,��

θ1 = arctan 2 ≈ 1.107,K
R1 =









0.4472 0.8944 0

−0.8944 0.4472 0

0 0 1









,Ú
A1 =









2.2361 −0.4472 −0.4472

0 −1.3416 −1.3416

2 −4 5









.1�Úµ¦R2 = R(1, 3, θ2)¦A2 = R2A1, Ù¥A2�13111�a
(2)
31 = 0. d

a
(2)
31 = −2.2361 sin θ2 + 2 cos θ2 = 0,��

θ2 = arctan
2

2.2361
≈ 0.7297,K

R2 =









0.7454 0 0.6667

0 1 0

−0.6667 0 0.7454









,
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Ú
A2 =









3 −3 3

0 −1.3416 −1.3416

0 −2.6833 4.0249









.1nÚµ¦R3 = R(2, 3, θ3)¦A3 = R3A2, Ù¥A3�13112�a
(3)
32 = 0. d

a
(3)
32 = 1.3416 sin θ3 − 2.6833 cos θ3 = 0,��

θ3 = arctan
2.6833

1.3416
≈ 1.1072,K

R3 =









1 0 0

0 0.4472 0.8944

0 −0.8944 0.4472









,

A3 =









3 −3 3

0 −3 3

0 0 3









= R.��k
A = (R3R2R1)

−1R = QR, Q =
1

3









1 −2 2

2 −1 −2

2 2 1









.

7. ^ä�'�{¦Ý

A =









2 −1 0

−1 2 −1

0 −1 2







��ÜAÆ�9AÆ�þ")))µµµU�á�{8.6O�§(JXeµ
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Rk Ak Hk








0.7071 0.7071 0

−0.7071 0.7071 0

0 0 1

















1 0 −0.7071

0 3 −0.7071

−0.7071 −0.7071 2

















0.7071 0.7071 0

−0.7071 0.7071 0

0 0 1

















1 0 0

0 0.8881 −0.4597

0 0.4597 0.8881

















1 0.3251 −0.6280

0.3251 3.3660 0

−0.6280 0 1.6340

















0.7071 0.7071 0

−0.6280 0.6280 −0.4597

−0.3251 0.3251 0.8881

















0.8517 0 0.5241

0 1 0

−0.5241 0 0.8517

















0.6136 0.2768 0

0.2768 3.3660 −0.1704

0 −0.1704 2.0204

















0.4318 0.7726 0.4654

−0.6280 0.6280 −0.4597

−0.6474 −0.0938 0.7563

















0.9951 −0.0991 0

0.0991 0.9951 0

0 0 1

















0.5860 0 0.0169

0 3.3936 −0.1695

0.0169 −0.1695 2.0204

















0.4919 0.7066 0.5087

−0.5821 0.7014 −0.4113

−0.6474 −0.0938 0.7563

















1 0 0

0 0.9927 −0.1207

0 0.1207 0.9927

















0.5860 −0.0020 0.0168

−0.0020 3.4142 0

0.0168 0 1.9998

















0.4919 0.7066 0.5087

−0.4997 0.7076 −0.4996

−0.7130 −0.0084 0.7011

















0.9999 0 −0.0119

0 1 0

−0.0119 0 0.9999

















0.5858 −0.0020 0

−0.0020 3.4142 −0.0001

0 −0.0001 2

















0.5004 0.7066 0.5003

−0.4997 0.7076 −0.4996

−0.7071 0 0.7071

















1 0.0007 0

−0.0007 1 0

0 0 1

















0.5858 0 0

0 3.4142 −0.0001

0 −0.0001 2

















0.5 0.7071 0.5

−0.5 0.7071 −0.5

−0.7071 0 0.7071







dþL��
λ1 = 0.5858, λ2 = 3.4142, λ3 = 2;

x1 =









0.5

0.7071

0.5









, x2 =









−0.5

0.7071

−0.5









, x3 =









−0.7071

0

0.7071









.

8. ^QR�{�¦e�Ý
�AÆ�µ
(1)









2 −1 0

−1 −1 −2

0 −2 3









; (2)









3 1 0

1 4 2

0 2 3









;

(3)





















4 2 0 0 0

2 4 2 0 0

0 2 4 2 0

0 0 2 4 2

0 0 0 2 4





















; (4)





















5 −1 0 0 0

−1 4.5 0.2 0 0

0 0.2 1 −0.4 0

0 0 −0.4 3 1

0 0 0 1 3





















.
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)))µµµ(1) -A1 = A =









2 −1 0

−1 −1 −2

0 −2 3









, ?1QR©),

A = A1 = Q1R1

=









−0.8944 −0.2491 −0.3714

0.4472 −0.4983 −0.7428

0 −0.8305 0.5571









×









−2.2361 0.4472 −0.8944

0 2.4083 −1.4948

0 0 3.1568







,�, ¦�A2 = R1Q1, 2éA2?1QR©)§��?1e�§��
A200 =









3.9115 0 0

0 2.1295 −0.0007

0 −0.0007 −2.0410









.¤±A�AÆ�Ǳλ1 = 3.9115, λ2 = 2.1295, λ3 = −2.0410.

(2) -A1 = A =









3 1 0

1 4 2

0 2 3









, ?1QR©),

A = A1 = Q1R1

=









−0.9487 0.2741 0.1576

−0.3162 −0.8224 −0.4729

0 −0.4984 0.8669









×









−3.1623 −2.2136 −0.6325

0 −4.0125 −3.1402

0 0 1.6550








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,�, ¦�A2 = R1Q1, 2éA2?1QR©)§��?1e�§��
A15 =









5.7913 0.0009 0

0.0009 3 0

0 0 1.2087









.¤±A�AÆ�Ǳλ1 = 5.7913, λ2 = 3, λ3 = 1.2087.

(3) -A1 = A =





















4 2 0 0 0

2 4 2 0 0

0 2 4 2 0

0 0 2 4 2

0 0 0 2 4





















, ?1QR©),

A = A1 = Q1R1

=





















−0.8944 0.3586 −0.1952 0.1231 0.1348

−0.4472 −0.7171 0.3904 −0.2462 −0.2697

0 −0.5976 −0.5855 0.3693 0.4045

0 0 −0.6831 −0.4924 −0.5394

0 0 0 −0.7385 0.6742





















×





















−4.4721 −3.5777 −0.8944 0 0

0 −3.3466 −3.8247 −1.1952 0

0 0 −2.9277 −3.9036 −1.3663

0 0 0 −2.7080 −3.9389

0 0 0 0 1.6181



















,�, ¦�A2 = R1Q1, 2éA2?1QR©)§��?1e�§��
A40 =





















7.4641 0.0005 0 0 0

0.0005 6 0 0 0

0 0 4 0 0

0 0 0 2 0

0 0 0 0 0.5359





















.
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¤±A�AÆ�Ǳλ1 = 7.4641, λ2 = 6, λ3 = 4, λ4 = 2, λ5 = 0.5359.

(4) -A1 = A =





















5 −1 0 0 0

−1 4.5 0.2 0 0

0 0.2 1 −0.4 0

0 0 −0.4 3 1

0 0 0 1 3





















, ?1QR©),

A = A1 = Q1R1

=





















−0.9806 −0.1959 0.0086 0.0033 0.0012

0.1961 −0.9795 0.0431 0.0163 0.0062

0 −0.0474 −0.9261 −0.3499 −0.1330

0 0 0.3748 −0.8667 −0.3293

0 0 0 −0.3552 0.9348





















×





















−5.0990 1.8631 0.0392 0 0

0 −4.2212 −0.2433 0.0190 0

0 0 −1.0674 1.4947 0.3748

0 0 0 −2.8152 −1.9323

0 0 0 0 2.4750



















,�, ¦�A2 = R1Q1, 2éA2?1QR©)§��?1e�§��
A120 =





















5.7840 0 0 0 0

0 4.0274 0.0006 0 0

0 0.0006 3.7276 0 0

0 0 0 2.0707 0

0 0 0 0 0.8903





















.

¤±A�AÆ�Ǳλ1 = 5.7840, λ2 = 4.0274, λ3 = 3.7276, λ4 = 2.0707, λ5 =

0.8903. OOO���ÅÅÅ¢¢¢SSSKKK
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1. ¦Ñe¡Ý
�AÆ�
A =















2 1 3 4

1 −3 1 5

3 1 6 −2

4 5 −2 −1













)))µµµ3·-I�Ñ\µ
>> a = [2 1 3 4; 1 -3 1 5; 3 1 6 -2; 4 5 -2 -1];

>> qrmaxtr(a, 0.0001)’KÑÑ(JǱ
ans =

-8.0257 7.9300 5.6689 -1.5732

2. ¦Ñe¡�é¡Ý
�AÆ�
A =









8 −1 −5

−4 4 −2

18 −5 −7







)))µµµ3·-I�Ñ\µ
>> a = [8 -1 -5; -4 4 -2; 18 -5 -7];

>> qrmaxtr(a, 0.0001)’AÆ�Ǳµ
ans =

1.6408 2.3592 1.0000

3. (½e¡n = 20�Ý
�AÆ�
A = (aij) =

[

1

i + j − 1

]

, i, j = 1, 2, · · · , n.)))µµµ3·-I�Ñ\µ
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>> a = hilb(20);

>> qrmaxtr(a, 0.001)’ÑÑ(JǱµ
ans =

1.9071 0.4871 0.0756 0.0090 0.0009 0.0001 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-0.0000 0.0000 -0.0000 0.0000 0.0000 0.0000

4. �(m − 1) × (m − 1)��néÆÝ

A =





















1 + 2α −α 0 · · · 0

−α 1 + 2α −α · · · 0

0 −α 1 + 2α · · · 0
...

...
...

. . .
...

0 0 0 −α 1 + 2α



















§´^���©�{¦)9D��§���"�ρ(A−1) < 1�§d�{´­½�"em = 11, ¦e¡�«�¹eρ(A−1)�Cq�:

(1) α =
1

4
; (2) α =

1

2
; (3) α =

3

4
.)))µµµ?�§SXe:

function [rho,t] = ex812(alpha,m)

a = diag(ones(1,m-1))*(1+2*alpha)...

+ diag(ones(1,m-2),+1)*(-alpha)...

+ diag(ones(1,m-2),-1)*(-alpha);

t = qrmaxtr(inv(a), 0.0001)’;

rho = max(abs(t));3·-1¥$1
>> ex812(1/4,11)

>> ex812(1/2,11)

>> ex812(3/4,11)K©Ow«n�Ý
�Ì�»Ǳ0.9800, 0.9611Ú0.9427. Ïdn��{Ñ´­½�"Öö�±?U§Sw«O�L§¥�Ý
Ú§�¤kAÆ�§~X�m = 11, α = 1
4�, k
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a =

1.50 -0.25 0 0 0 0 0 0 0 0

-0.25 1.50 -0.25 0 0 0 0 0 0 0

0 -0.25 1.50 -0.25 0 0 0 0 0 0

0 0 -0.25 1.50 -0.25 0 0 0 0 0

0 0 0 -0.25 1.50 -0.25 0 0 0 0

0 0 0 0 -0.25 1.50 -0.25 0 0 0

0 0 0 0 0 -0.25 1.50 -0.25 0 0

0 0 0 0 0 0 -0.25 1.50 -0.25 0

0 0 0 0 0 0 0 -0.25 1.50 -0.25

0 0 0 0 0 0 0 0 -0.25 1.50Ú
t =

0.9801 0.9264 0.8528 0.7738 0.6999

0.6365 0.5856 0.5471 0.5204 0.5055

5. 314K¥Ý
A�AÆ�´λi = 1 + 4α
(

sin πi
2m

)2

, i = 1, 2, · · · , m − 1. Á'�O(��Cq�§d�{�o�ÿ­½º)))µµµ3·-1¥$1
>> m=11;

>> for alpha = 1/4:1/4:3/4,

[rho,t] = ex812(alpha,m);

t2 = 1 + 4 * alpha * sin(pi/2/m*(1:m-1)).^2;

[1./t;t2]’

pause

endK�±w���¹e�Cq�ÚO(�§XeL
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α = 1/4 α = 1/2 α = 3/4Cq� O(� Cq� O(� Cq� O(�
1.0204 1.0203 1.0405 1.0405 1.0608 1.0608

1.0792 1.0794 1.1587 1.1587 1.2381 1.2381

1.1725 1.1726 1.3451 1.3451 1.5177 1.5177

1.2923 1.2923 1.5846 1.5846 1.8769 1.8769

1.4289 1.4288 1.8577 1.8577 2.2865 2.2865

1.5712 1.5712 2.1424 2.1423 2.7135 2.7135

1.7082 1.7077 2.4159 2.4154 3.1238 3.1231

1.8292 1.8274 2.6576 2.6549 3.4865 3.4823

1.9225 1.9206 2.8452 2.8413 3.7680 3.7619

1.9749 1.9797 2.9510 2.9595 3.9259 3.9392Ïd3ùn«�¹e§d�{Ñ´­½�"
6. �(m − 1) × (m − 1)��néÆÝ


A =





















1 − 2α α 0 · · · 0

α 1 − 2α α · · · 0

0 α 1 − 2α · · · 0
...

...
...

. . .
...

0 0 0 α 1 − 2α



















§´^�c�©�{¦)9D��§���"�ρ(A−1) < 1�§d�{´­½�"em = 11, ¦e¡�«�¹eρ(A−1)�Cq�:

(1) α =
1

4
; (2) α =

1

2
; (3) α =

3

4
.)))µµµ?�§SXe:

function [rho,t] = ex814(alpha,m)

a = diag(ones(1,m-1))*(1-2*alpha)...

+ diag(ones(1,m-2),+1)*alpha...

+ diag(ones(1,m-2),-1)*alpha;

t = qrmaxtr(inv(a), 0.0001)’;

rho = max(abs(t));
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3·-1¥$1
>> ex814(1/4,11)

>> ex814(1/2,11)

>> ex814(3/4,11)w«§��Ì�»©OǱ49.3742, 0Ú8.1120. �¢Sþ§�α = 1
2�§TÝ
¤kAÆ�Ñ¤ÎÒ���Aé§ÏdQR�{´ØÂñ�"U^1./eig(a)�±w�§§�Ì�»¢Sþ´7.0267. Ïdùn«�¹Ñ´Ø­½�"

7. 16K¥Ý
A�AÆ�´λi = 1 − 4α
(

sin πi
2m

)2

, i = 1, · · · , m − 1. Á'�O(��Cq�§d�{�o�ÿ­½º)))µµµ316K¥Ý
A�AÆ�´λi = 1 − 4α
(

sin πi
2m

)2

, i = 1, 2, · · · , 10. Kke¡�L�:

α = 1/4 α = 1/2 α = 3/4Cq� O(� Cq� O(� Cq� O(�
0.9792 0.9755 0.9595 0.9511 0.9392 0.9266

0.9211 0.9045 0.8413 0.8090 0.7619 0.7135

0.8750 0.7939 0.6549 0.5878 0.4823 0.3817

0.7071 0.6545 0.4154 0.3090 0.1231 -0.0365

0.5712 0.5000 0.1423 0.0000 -0.2865 -0.5000

0.4288 0.3455 -0.1423 -0.3090 -0.7135 -0.9635

0.2923 0.2061 -0.4154 -0.5878 -1.1231 -1.3817

0.1726 0.0955 -0.6549 -0.8090 -1.4823 -1.7135

0.0794 0.0245 -0.8413 -0.9511 -1.7619 -1.9266

0.0203 0.0000 -0.9595 1.0000 -1.9392 -2.0000Ïd3ùn«�¹e§d�{Ñ´Ø­½�"
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8. �(m − 1) × (m − 1)��ü�néÆÝ

A =























1 + α −α
2 0 · · · 0

−α
2 1 + α −α

2 · · · 0

0 −α
2 1 + α · · · 0

...
...

...
. . .

...

0 0 0 −α
2 1 + α























, B =























1 − α α
2 0 · · · 0

α
2 1 − α α

2 · · · 0

0
α
2 1 − α · · · 0

...
...

...
. . .

...

0 0 0
α
2 1 − α























.

§´^Crank-Nicolson�{¦)9D��§���"em = 11, ¦e��¹eρ(A−1B)�Cq�:

(1) α =
1

4
; (2) α =

1

2
; (3) α =

3

4
.)))µµµ?�§SXe:

function [rho,t] = ex816(alpha,m)

a = diag(ones(1,m-1))*(1+alpha) ...

- diag(ones(1,m-2),+1)*alpha/2 ...

- diag(ones(1,m-2),-1)*alpha/2;

b = 2 * eye(m-1) - a;

t = qrmaxtr(a\b, 0.0001)’;

rho = max(abs(t));3·-1¥$1
>> ex816(1/4,11)

>> ex816(1/2,11)

>> ex816(3/4,11)w«§��Ì�»©OǱ0.9793, 0.9600Ú0.9410. Ïd§�α = 1
4, 1

2½3
4�,

ρ(A−1B) < 1, �{­½" SSSKKKÊÊÊ
1. �h = 0.1, ^î.�{30 ≤ x ≤ 1þ¦)Ð�¯K

y′ = −y + x + 1, y(0) = 1.
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)))µµµî.úªǱ
yn+1 = yn + h(−yn + xn + 1)

= 0.9yn + 0.1xn + 0.1,dK�MatLab§SǱ: 1) ef1.m©�Xe
function z = ef1(x,y)

z = -y+x+1;

2) euler.m ©�Xe
function y=euler(ef,y0,h,a,b)

y(:,1) = y0;

n = (b-a)/h;

x = a:h:b;

for i = 1:n,

y(:,i+1) = y(:,i) + h*feval(ef, x(i), y(:,i));

end

3) 3·-I��1
>> y = euler(@ef1, 1, 0.1, 0, 1)Ò�±��ê�)"dK�)Û)�Xe¦�µ��§Ǳy′ = −y + x + 1, -

z = y−x,Kz′ = y′−1,��§CǱz′ = −z, = dz
dx

= −z. ©lCþ�dz
z = −dx.ü>È©�kln z − ln z0 = −(x − x0), ü>��êz = z0e

−(x−x0), rz = y − x�\þª§���y = x+(y0 −x0)e
−(x−x0). rx0 = 0, y0 = 1�\Kky = x+e−x.Ïdke¡�L�(Ø¹Ð�):

y1 y2 y3 y4 y5 y6 y7 y8 y9 y10ê�) 1.0000 1.0100 1.0290 1.0561 1.0905 1.1314 1.1783 1.2305 1.2874 1.3487)Û) 1.0048 1.0187 1.0408 1.0703 1.1065 1.1488 1.1966 1.2493 1.3066 1.3679

2. �h = 0.1, ^Adamsý����{30 ≤ x ≤ 1þ¦)Ð�¯K
y′ = xy2, y(0) = 1.
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)))µµµAdamsý����{úªXe






ȳn+1=yn+ h
24(55fn − 59fn−1 + 37fn−2 − 9fn−3),

yn+1=yn+ h
24(9f̄n+1 + 19fn − 5fn−1 + fn−2).?�MatLab§SXeµ1)ef2.m©�Xe

function z = ef2(x,y)

z = (y.*y).*x;

2)adams.m©�Xe
function y = adams(ef,y0,n,a,b)

h = (b-a)/(n-1);

x = a:h:b;

c1 = [-9,37,-59,55];

c2 = [ 1,-5, 19, 9];

[xa,y] = ode45(ef,a:h:a+3*h,y0);

f = feval(ef,xa,y);

for j = 5:n,

yb = y(j-1) + h/24 * c1 * f(j-4:j-1);

fb = feval(ef,x(j),yb);

y(j) = y(j-1) + h/24 * c2 * [f(j-3:j-1); fb];

f(j) = feval(ef,x(j),y(j));

end

% end

3) 3·-I��1
>> y = adams(@ef2,1,11,0,1)dK�)Û)�Xe¦)"��§Ǳy′ = xy2, ©lCþ�dy

y2 = xdx,=−dy−1 = 1
2dx2, ªfü>È©k: y−1 − y−1

0 = −1
2(x2 − x2

0), ¤±y−1 =

y−1
0 − 1

2(x2 − x2
0). Ïd

y =
1

y−1
0 − 1

2
(x2 − x2

0)
.rÐ�x0 = 0Úy0 = 1�\, y = 1

1 − 1

2
x2

= 2
2 − x2 .(JXe(Ø¹Ð�):
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y1 y2 y3 y4 y5 y6 y7 y8 y9 y10ê�) 1.0050 1.0204 1.0471 1.0870 1.1429 1.2196 1.3246 1.4707 1.6809 2.0005)Û) 1.0050 1.0204 1.0471 1.0870 1.1429 1.2195 1.3245 1.4706 1.6807 2.0000

3. �h = 0.1, ^4�R–K�{30 ≤ x ≤ 1þ¦)Ð�¯K
y′ = y − 2x

y
, y(0) = 1.)))µµµo�R-K�{Xe

yn+1=yn + 1
6(k1 + 2k2 + 2k3 + k4)

k1 =hf(xn, yn)

k2 =hf(xn + h
2 , yn + k1

2 )

k3 =hf(xn + h
2 , yn + k2

2 )

k4 =hf(xn + h, yn + k3)?�MatLab§SXe: 1)©�ef3.mXe:

function z=ef3(x,y)

z = y - 2*x./y;

2)©�rk4.mXe:

function y = rk4(ef,y0,h,a,b)

y(:,1)=y0;

n = (b-a)/h;

x = a:h:b;

c1= [1;2;2;1]/6;

for i = 1:n,

k(:,1) = h*feval(ef,x(i), y(:,i) );

k(:,2) = h*feval(ef,x(i)+0.5*h,y(:,i)+0.5*k(:,1));

k(:,3) = h*feval(ef,x(i)+0.5*h,y(:,i)+0.5*k(:,2));

k(:,4) = h*feval(ef,x(i)+ h,y(:,i)+ k(:,3));

y(:,i+1) = y(:,i) + k*c1;

end

3)3·-I��1
>> y = rk4(@ef3,1,0.1,0,1)
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dK�)Û)Xe"��§ü>¦±y�yy′ = y2 − 2x, ry�?È©ÎÒ�kdy2

dx
= 2y2 − 4x, -y2 − 2x − 1 = z, u´dz

dx
= 2z. ©lCþdz

z = 2dx, ü>È©z = z0e
2(x−x0). ÏǱz0 = y2(0) − 2x(0) − 1 = 1 − 1 = 0, ¤±z ≡ 0,=y2 = 2x + 1, Ǳ=y =

√
2x + 1. (JXe(Ø¹Ð�):

y1 y2 y3 y4 y5 y6 y7 y8 y9 y10ê�) 1.0954 1.1832 1.2649 1.3416 1.4142 1.4832 1.5492 1.6125 1.6733 1.7321)Û) 1.0954 1.1832 1.2649 1.3416 1.4142 1.4832 1.5492 1.6125 1.6733 1.7321�±w�§O�(J3o �ê����"
4. y²µ9�–¥©úª(9.29)äk3�°Ý"yyyµµµ9�–¥©úª(9.29)Ǳ



























yn+1=yn + 1
6(k1 + 4k2 + k3)

k1 =hf(xn, yn)

k2 =hf(xn + h
2 , yn + k1

2 )

k3 =hf(xn + h, yn − k1 + 2k2)r)Û)y(xn), y(xn+1)�\(9.29)¥�yn, yn+1d½Â�
εn+1 = y(xn+1) − y(xn) − 1

6
(k̄1 + 4k̄2 + k̄3).Pf = f(xn, y(xn)), u´̄

k1=hf(xn, y(xn)) = hf,

k̄2=hf(xn + h
2 , y(xn) + k̄1

2 ),

k̄3=hf(xn + h, y(xn) − k̄1 + 2k̄2).d�á(9.23)�:

k̄2 = hf + h2(12fx + 1
2ffy) + h3(18fxx + 1

4ffxy + 1
8f 2fyy) + O(h4),

k̄3 = hf + h2(fx + ffy) + h3(12fxx + ffxy + 1
2f 2fyy + fxfy + ff 2

y ) + O(h4).u´
y(xn) + 1

6(k̄1 + 4k̄2 + k̄3)

= y(xn) + hf + h2

2 (fx + ffy) + h3

6 (fxx + 2ffxy + f 2fyy + fxfy + ff 2
y ) + O(h4)
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(9.24)~�þª§=�
εn+1 = O(h4).�¥©úª(9.29)äk3�°Ý"

5. Áéúª(9.29)^MatLab�ó?§¿O�XeÐ�¯K:















x′=tx + y′ − t2, x(0) = 1,

y′=ty + 3t, y(0) = 2,

z′=tz − y′ + 6t3, z(0) = 3.Ù¥0 < t < 0.75, �h = 0.01.)))µµµ��§|�zǱ














x′=tx + ty + 3t − t2,

y′=ty + 3t,

z′=tz − ty − 3t + 6t3.Pw = (x, y, z)TÚ
f(t, w) = t









1 1 0

0 1 0

0 −1 1









w +









3t − t2

3t

−3t + 6t3









.Ïd, dw
dt

= f(t, w).?�MatLab§SXe: 1)©�ef5.mXe:

function z = ef5(t,w)

A = [1 1 0; 0 1 0; 0 -1 1];

b = [3*t-t^2; 3*t; -3*t+t^3];

z = t*A*w + b;

2)©�kt3.mXe:

function y = kt3(ef,y0,h,a,b)

y(:,1)=y0;

n = (b-a)/h;

x = a:h:b;

c1= [1 4 1]’;
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for i=1:n,

k(:,1) = h*feval(ef,x(i), y(:,i) );

k(:,2) = h*feval(ef,x(i)+0.5*h,y(:,i)+0.5*k(:,1));

k(:,3) = h*feval(ef,x(i)*h, y(:,i)-k(:,1)+2*k(:,2));

y(:,i+1) = y(:,i) + k*c1/6;

end3·-I��1
>> y0 = [1 2 3]’;

>> y = kt3(@ef5,y0,0.01,0,0.75)���)´��3× 76�Ý
§z�1©O�Lx, y, z. ^e¡�·-�±��ê�)�ã:

>> t = linspace(0,0.75,76);

>> plot(t,y(1,:),’kd-’,t,y(2,:),’bo:’,t,y(3,:),’g+--’);

>> legend(’x’,’y’,’z’);

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1

1.5

2

2.5

3

3.5
x
y
z

T�§�)Û)�±¦)Xe"312��§¥-ȳ = y + 3, Kȳ′ = y′ = tȳ,=dȳ
ȳ = tdt. Ïd§ln ȳ − ln ȳ0 = 1

2(t2 − t20), rÐ�t0 = 0, ȳ0 = y0 + 3 = 5�\§=�y(t) = 5e
1
2
t2 − 3.

6. ^�©¦È{¦)ü:>�¯K
y′′ − xy′ + y = 1 y(0) = y(2) = 0
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)µ ��IC�x = 2t Y (t) = y(x)��§zǱ






Y ′′ − 4tY ′ + 4Y = 4

Y (0) = Y (1) = 0Ptj = 1
2(1+cos

jπ
n ) 0 ≤ j ≤ nǱ[0, 1]þ�pd–�'ÈÅ–Ûn÷!:§W�Q©OǱV����ê����ê�XêÝ
Kd(9.95)duY1 = Y (t0) = 0, Y3 = Y (tn) = 0�(Q22 − 4diag([t1 · · · tn−1])W22 + 4In−1)Y2 = 4[1, · · · , 1]T�K�Matlab§SXe

1))¤XêÝ
�!:��¬ dqxs.m

function [ca,cb,x]=dqxs(n)

c1=[1:n];

c2=cos((c1-1)*pi/(n-1));

x=0.5*(1-c2);

xp1=ones(n,1); xp2=xp1*x;

xp3=xp2-xp2’+eye(n); xp4=prod(xp3);

xp5=1./xp3-eye(n); xp6=sum(xp5);

xp7=xp1*xp4; xp8=xp7.*xp3’;

ca=xp7’./xp8; xp9=xp6’-diag(ca);

ca=ca+diag(xp9); cb=ca*ca;

2)O�Y��¬ ef6.m

n=11; n2=n-2; n1=n-1;

[Q,W,x]=dqxs(n);

A=Q(2:n1,2:n1)-4*diag(x(2:n1))*W(2:n1,2:n1)+4*eye(n2);

b=4*ones(n2,1);

Y=A\b;

xx=2*x; yy=[0;Y;0];
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3)3·-I�N^þã¼ê�¬=
>>ef6

>>xx

>>yy=��A�x�y"
7. ^�©¦È{¦)ü:>�¯K

y′′ = (1 + x2)y y(−1) = y(1) = 1)µ ��IC� x = 2t − 1 Y(t)=y(x),

∵ Yt = yxxt = 2yx Ytt = 2Yxt = 4yxx

∴��§zǱ
1
4Y ′′ = (1 + (2t − 1)2)Y

Y ′′ − (16t2 − 16t + 8)Y = 0

Y (0) = Y (1) = 1

(1)Ptj = 1
2(1 + cos

jπ
n ) 0 ≤ j ≤ nǱ[0, 1]þ�pd–�'ÈÅ–Ûn÷!:§W�Q©OǱV����ê����ê�XêÝ
§Kd�á(9.95)

Y1 = Y (t0) = 1, Y3 = Y (tn) = 1-t1 = [t1, · · · , tn−1], t2 = −16 ∗ (t1 ∗ t1 − t1 + 0.5)

t2=B2�d(9.95)��§(1)=�lÑǱ
(Q22 + diagB2)Y2 = −Q21 − Q23�K�Matlab§SXeµ

1)dqxs.m�16K
2)O�Y��¬ ef7.m

n=11;
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n2=n-2; n1=n-1;

[Q,W,x]=dqxs(n);

t1=x(2:n1);

t2=-16*(t1.*t1-t1+0.5);

A=Q(2:n1,2:n1)+diag(t2);

b=-Q(2:n1,1)-Q(2:n1,n);

Y=A\b;

xx=2*x-1; yy=[1;Y;1];

3)3·-I�
>>ef7

>>xx

>>yy=��A�x�y"
8. r~�©�§|Ð�¯K







x′′ + x(x2 + y2)−
3
2 = 0

y′′ + y(x2 + y2)−
3
2 = 0

x(0) = 0.5 y′(0) = 0.75

y(0) = 0.25 x′(0) = 1.0=�¤���©�§|¿^ODE45¦)x(1)§y(1))µ P z(1) = x, z(2) = x′, z(3) = y, z(4) = y′§K






























dz(1)
dt

= z(2)

dz(2)
dt

= −z(1)(z2(1) + z2(3))−
3
2

dz(3)
dt

= z(4)

dz(4)
dt

= −z(3)(z2(1) + z2(3))−
3
2
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dK�Matlab§SXe
1)ef81.m©�
function f=ef81(t,z)

w=(z(1)*z(1)+z(3)*z(3))^(-1.5);

f(1)=z(2);

f(2)=-z(1)*w;

f(3)=z(4);

f(4)=-z(3)*w;

2)ef82.m©�
t0=0;

tfinal=1;

z0=[0.5 0.75 0.25 1.0];

tol=1.e-5;

[t,z]=ode45(@ef81,t0,tfinal,z0,tol);

x=z(:,1); y=z(:,3);

x

y

3)3·-I�$^ef82©�
>>ef82=�x�y, x�y�����©þ=x(1), y(1)"

9. Á^Matlab?§¦)Xe¯K






y′ = f(x, y) a ≤ x ≤ b

Ay(a) + By(b) = C (Ù¥A · B 6= 0)¿éf(x, y) = ex−y − 1
x , a = 1 b = 2 A = 2 B = −1 C = ln 2^T§SO�")µ ��IC�x = a + (b − a)t
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u´
y(x) = z(t)
dy
dx

= dz
dt

dt
dx

= 1
b − a

dz
dtP g(t, z) = (b − a)f(x, y) = (b − a)f(a + (b − a)t, z)K g(t, z) = (b − a)e

a+(b−a)t−z − 1
a + (b − a)t

= ea+(b−a)t · e−z − 1
a

b − a
+ t







z′ = g(t, z) 0 ≤ t ≤ 1

Az(0) + Bz(1) = C3t ∈ [0, 1]¥�pd–�'ÈÅ–Ûn÷!:0 = t0 < t1 < · · · < tn−1 < tn = 1

Z =









z1

z2

z3









T =









T1

T2

T3







Ù¥z1 = z(t0) = z(0), z3 = z(tn) = z(1), z2 = [z(t1), · · · , z(tn−1)]
T , T1 =

t0, T3 = tn, T2 = [t1, · · · , tn−1]
T .

z′ = g(t, z)^MatlablÑ�W · Z = g(T, Z)








W11 W12 W13

W21 W22 W23

W31 W32 W33

















z1

z2

z3









=









g(T1, z1)

g(T2, z2)

g(T3, z3)







r1���§�¤>.^��














Az1 + Bz3 = C (9.1)

W21z1 + W22z2 + W23z3 = g(T2, z2) (9.2)

W31z1 + W32z2 + W33z3 = g(T3, z3) (9.3)�A · B 6= 0d(9.1)�
z1 =

C

A
− B

A
z3 (9.1)′�\(9.2)§(9.3)

W21
C
A − W21

B
Az3 + W22z2 + W23z3 = g(T2, z2)

W31
C
A − W31

B
Az3 + W32z2 + W33z3 = g(T3, z3)
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P p =





z2

z3



 s =





T2

T3





A1 =





W22 W23 − W21
B
A

W32 W33 − W31
B
A



 F =





W21
C
A

W31
C
A



K A1P + F = g(S, P ), h(P ) = A1P + F − g(S, P ) = 0�Ð� p0 =









a
...

a









¦)��5�§|h(p) = 0�)p2d(9.1)’¦Ñz1=�¦Ñ�!:?�z,2dy(x) = z(t)��y.�K�Matlab§SXeµ
1)ef91.m©�Xe
function y=ef91(t,z,a,b)

c=b-a; d=a+c*t; e=c/d;

y=(exp(d-z)-1)*e;

2)ef92.m©�Xe
function y=ef92(P)

global W21 W22 W23 W31 W32 W33 A B C a b T2 T3

m=length(W23); mp1=m+1;

A(1:m,1:m)=W22;

A(1:m,mp1)=W23-W21*B/A;

A(mp1,1:m)=W32;

A(mp1,mp1)=W33-W31*B/A;

F(1:m,1)=W21*C/A;

F(mp1,1)=W31*C/A;

S(1:m,1)=T2;

S(mp1,1)=T3;
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gg=ef91(S,P,a,b);

y=A*P+F-gg;

3)ef93.m©�Xe
global A B C a b W21 W22 W23 W31 W32 W33 T2 T3

A=2; B=-1; C=log(2); a=1; b=2;

n=10; nm1 = n - 1;

[W,V,T]=dqxs(n);

W21=W(2:nm1,1);

W22=W(2:nm1,2:nm1);

W23=W(2:nm1,n);

W31=W(n,1);

W32=W(n,2:nm1);

W33=W(n,n);

T2=T(2:nm1)’;

T3=T(n);

p0=a*ones(nm1,1);

p=fsolve(@ef92,p0);

z(n)=p(nm1); z(1)=(C - B * z(n))/A;

z(2:nm1)=p(1:nm1 - 1);

x=a+(b - a) * T;

z

10. ^C�0dý���{¦)


























y′ = z3 − x2y − x2,

z′ = xz2 − y4 + 3x,

y(2) = 5,

z(2) = 3.
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3x ∈ [2, 5], h = 0.25, cAÚ^R–K�{4�úª§¿�ode45¦)�'�")µ dK�Matlab§SǱ
1)ef10.m©�Xe
function z=ef10(x,y)

z(1)=y(2)^3-x*x*y(1)-x*x;

z(2)=x*y(2)*y(2)-y(1)^4+3*x;

2)ef101.m©�Xe
h=0.25; a=2; b=5; n=13; y0(1)=5; y0(2)=3;

y=adams(’ef10’,y0,n,a,b);

11. Áy²eãÛªR–K�{´3�úª


















yn+1 = yn + h
4 (k1 + 3k2),

k1 = f
(

xn, yn + 1
4hk1 − 1

4hk2

)

,

k2 = f
(

xn + 2
3h, yn + 1

4hk1 + 5
12hk2

)¿¦þã�{�­½5¼ê")µ
yn+1 = yn + h

4 (k1 + 3k2)

εn+1 = y(xn+1) − y(xn) − h
4 (k̄1 + 3k̄2)

k̄1 = f(xn, y(xn) + 1
4hk̄1 − 1

4hk̄2)

k̄2 = f(xn + 2
3h, y(xn) + 1

4hk̄1 + 5
12hk̄2)d(9.23)�̄

k1 = f + h
4 (k̄1 − k̄2)fy + 1

2(h
2

16(k̄1 − k̄2)
2fyy) + O(h3)

k̄2 = f + 2h
3 fx + h

4 (k̄1 + 5
3 k̄2)fy + 1

2h2(49fxx + 1
3(k̄1 + 5

3 k̄2)fxy

+ 1
16(k̄1 + 5

3 k̄2)
2fyy) + O(h3)u´

k̄1 − k̄2 = h
4 (k̄1 − k̄2)fx + h2

32(k̄1 − k̄2)
2fyy − 2h

3 fx − h
4 (k̄1 + 5

3 k̄2)fy

−h2

2 (49fxx + 1
3(k̄1 + 5

3 k̄2)fxy + 1
16(k̄1 + 5

3 k̄2)
2fyy + O(h3)
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�
k̄1 = f + h2

16(k̄1 − k̄2)fxfy − h2

6 fxfy − h2

16(k̄1 + 5
3 k̄2)f

2
y + O(h3)

= f − h2

6 fxfy − h2

16(f + 5
3f)f 2

y + O(h3)

= f − h2

6 fxfy − h2

6 ff 2
y + O(h3)

k̄2 = f + 2h
3 fx + h

4 (f + 5
3 k̄2)fy

+1
2h2(49fxx + 1

3(f + 5
3f)fxy + 1

16(f + 5
3f)2fyy) + O(h3)

= f + 2h
3 fx + h

4 (f + 5
3(f + 2h

3 fx + (h4f + 5h
12f)fy))fy

+1
2h2(49fxx + 4

9ffxy + 4
9f 2fyy) + O(h3)

= f + 2h
3 fx + 2h

3 ffy + 5h2

18 fxfy + 5h2

18 ff 2
y + 2h2

9 fxx

+4h2

9 ffxy + 2h2

9 f 2fyy + O(h3)

εn+1 = y(xn+1) − y(xn) − h
4 (k̄1 + 3k̄2)

(9.24)
= y(xn) + hf + h2

2 [fx + ffy]

+h3

6 [fxx + 2ffxy + f 2fyy + f 2fyy + fxfy + ff 2
y ] + O(h4)

−y(xn) − h
4 (4f + 2hfx + 2hffy − h2

6 fxfy − h2

6 ff 2
y + 5

6h2fxfy

+5
6h2ff 2

y + 2h2

3 fxx + 4h2

3 ffxy + 2h2

3 f 2fyy) + O(h4)

= O(h4)­½5¼êµ-f(x, y) = λyu´
k1 = λ(yn + h

4k1 − h
4k2)

k2 = λ(yn + h
4k1 + 5h

12k2)þüª�~§¿PZ = λh

k2 − k1 =
2Z

3
k2, k1 = (1 − 2Z

3
)k2u´N´)�

k2 =
λyn

1 − 2Z

3
+

Z2

6

, k1 =
(1 − 2Z

3
)λyn

1 − 2Z

3
+

Z2

6
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yn+1 = yn + h
4 (k1 + 3k2)

= yn + Z
4







1 − 2

3
Z

1 − 2Z

3
+

Z2

6

+ 3

1 − 2Z

3
+

Z2

6






yn

=






1 +

Z − Z2

6

1 − 2Z

3
+

Z2

6






yn

=
1 +

Z

3

1 − 2Z

3
+

Z2

6

yn

∴­½5¼êǱ
R(Z) =

1 +
Z

3

1 − 2Z

3
+

Z2

6�Re(Z) < 0�N´y²|R(Z)| < 1��{A­½"
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