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Answers To Selected Problems

Chapter 1

1-2. a. Not possible, E F and are of different order

 b. ” •% " '
�" % �"!

 c. Not possible, the product  is not compatible with E F ET T

 d. ones(3)
 e. Not possible,  and  are not of the same orderE FT

1-5. m = [ pi, -2; 3, exp(1)];

1-7. b. , row order inverted; , column order invertedTQ QT

1-11. Representation of systems of linear algebraic equations

Chapter 2

2-1. a. , , Ð"""""!Ñ Ð"(&Ñ Ð(HÑ# ) "'

 b. , ,  Ð!Þ!!!"Ñ Ð!Þ!%Ñ Ð!Þ"Ñ# ) "'

 c. , , Ð"!"!""Þ"!"!""""!!!!"ÞÞÞÞÞÑ Ð&$Þ&$%"#"ÞÞÞÞÑ Ð#FÞEI"%ÞÞÞÞÑ# ) "'

2-4. ! "!!!!!!!!"" ""!!""!!!! !!!!!!!!!! !!!!!!!!!! !!!!!!!!!! !!!!!!!!!! !!

2-6. a. exp , reserving extreme values,  b. , c. three digits, d. ,� "% Ÿ Ÿ "& #!%( � ()%Þ&
 e. ! ""!!! "!!!"!!!"!

Chapter 3

3-1. a. X ÐBÑ œ " � ÐB � "Ñ � ÐB � "Ñ � ÐB � "Ñ � ÐB � "Ñ%
" " " &
# ) "' "#)

# $ %

 b. V ÐBÑ œ ÐB � "Ñ&%
" "!&
&x -*Î#

 c. V Ð"Þ&Ñ Ÿ !Þ!!!)&%&%

3-3. a. , b. ,  c. X ÐBÑ œ B � B V ÐBÑ œ B X Ð!Þ$Ñ œ !Þ#*"$ $ $
"
$ Ð"�- Ñ

$ %Ð-�- Ñ$
# %

3-6. a. X ÐBÑ œ " � B � B Î#x � B Î$x � B Î%x � B Î&x"!
# % ' ) "!
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 b. l 0Ð"Ñ � X Ð"Ñ l œ !Þ!!("# Ÿ "Î&x œ !Þ!!)$)

3-8. The maximum value of  on  is one.  0 ÐBÑ l B � $ l Ÿ # 8 œ ""Ð8�"Ñ

Chapter 4

4-1. a. ,  b. !Þ&'#&ß !Þ!'#& "(

4-3 a. ezplot('1+x^2'), hold on, ezplot('tan(x)')
 b. For example Ò !Þ)ß "Þ# Óß "Þ"(&
 c. !Þ!#&
 d. "'

4-6. a. , b. "Þ%"") !Þ&'("%

4-9. a. ,  b. ,  c. "Þ"(#$ß #Þ$#"* † "! "Þ")")ß *Þ$)*# † "! %ß &�% �$

4-11. a. ,  b. "Þ%%!% "Þ#'#*

4-14. Set  equal to zero.  .>Î.B !Þ#**(#

4-15. Sphere sinks if  lb/ft$ œ (! Þ#

4-17. %

4-19. a. ,  b. ,  c. ,  d. 5 œ #ß !Þ! 5 œ $ß � "Þ" 5 œ $ß „ # 5 œ $ß � "Þ%""$È

Chapter 5

5-1. a.  ,  b.  
Ô × Ô ×
Õ Ø Õ Ø

" #
! "Î#

�# $

5-2. See 5-1.

5-4. a.  ,  b.  LU œ
Ô ×Ô × Ô ×
Õ ØÕ Ø Õ Ø

" ! ! # " " #
"Î# " ! ! $Î# $Î# %

�"Î# "Î$ " ! ! " �$
B œ

5-7. a.  , b.  LU œ

Ô ×Ô × Ô ×Ö ÙÖ Ù Ö ÙÖ ÙÖ Ù Ö Ù
Õ ØÕ Ø Õ Ø

" ! ! ! $ # ! ! #
"Î$ " ! ! ! �&Î$ " ! �"
! �'Î& " ! ! ! "'Î& # "
! ! &Î"' " ! ! ! "*Î) �$

B œ
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5-8. LU œ

" ! ! ! # �" ! !
�"Î# " ! ! ! $Î# �" !

! �#Î$ " ! ! ! %Î$ �"
! ! �$Î% " ! ! ! &Î%

Ô ×Ô ×Ö ÙÖ ÙÖ ÙÖ Ù
Õ ØÕ Ø

5-9. , , P L Uœ ” • ” • ” •! " " ! $ %
" ! "Î$ " ! �"Î$

œ œ

5-11. $8 � #

5-12. , B Bs s" #œ œ
(Î$ #*Î"&
$Î& "'Î"&” • ” •

5-15. a.  , b.  B B B Bs s s s" # " #œ ß œ œ ß œ
"Î$ &Î% �'Î& Þ*
�" �#Î$ �$Î% Þ$&

�$Î% � #Î$ " Þ##&

Ô × Ô × Ô × Ô ×
Õ Ø Õ Ø Õ Ø Õ Ø

5-16. a.  , b.  B B B Bs s s s" "œ ß œ œ ß œ
"Î$ "Þ!&&' �"Þ# Þ""!!

�#Î$ Þ!&&' Þ$& Þ$&(&
&Î' �#Þ!*(# �Þ$#&! �Þ'&$(

Ô × Ô × Ô × Ô ×
Õ Ø Õ Ø Õ Ø Õ Ø2 2

5-17. "#

5-20. Jacobi:  decimal places, Gauss-Seidel:  decimal places# %

Chapter 6

6-1. ” •” • ” •Ð�"Ñ / - #

# / - &
œ

# �"

# #
"

#

6-3. b.  T ÐBÑ œ Ð�"Ñ � Ð&Ñ � Ð#Ñ#
ÐB�%ÑÐB�(Ñ ÐB�#ÑÐB�(Ñ ÐB�#ÑÐB�%Ñ
Ð#�%ÑÐ#�(Ñ Ð%�#ÑÐ%�(Ñ Ð(�#ÑÐ(�%Ñ

  c.  T ÐBÑ œ Ð�#Ñ � Ð!Ñ � Ð$Ñ#
ÐB�$ÑÐB�%Ñ ÐB�"ÑÐB�%Ñ ÐB�"ÑÐB�$Ñ
Ð"�$ÑÐ"�%Ñ Ð$�"ÑÐ$�%Ñ Ð%�"ÑÐ%�$Ñ

6-4. a.  Use tan1 1Î% œ "ß Î$ œ $tan È .
      T ÐBÑ œ Ð"Ñ � Ð $Ñ"

B� Î$ B� Î%
Î%� Î$ Î$� Î%

1 1

1 1 1 1

È

  b.  T ÐBÑ œ Ð"Ñ � Ð Ñ � Ð Ñ#
ÐB�$ÑÐB�%Ñ ÐB�"ÑÐB�%Ñ ÐB�"ÑÐB�$Ñ
Ð"�$ÑÐ"�%Ñ Ð$�"ÑÐ$�%Ñ $ Ð%�"ÑÐ%�$Ñ %

" "
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6-5. b.  First Second B C HH HH

# �"

œ $

% & œ �

œ �"

( #

3 3

&�Ð�"Ñ
%�#

�"�$ %
(�# &

#�&
(�%

       T ÐBÑ œ �" � $ÐB � #Ñ� ÐB � #ÑÐB � %Ñ#
%
&

6-9. a.  Use the inequality k k k k k ktan maxB � T ÐBÑ Ÿ ÐB � 0 Ð-Ñ
Ÿ - Ÿ

"
"
#

% $

ww1 1Î%ÑÐB � Î$Ñ
1 1

  Note: on the interval l0 ÐBÑl œ l# B Bl Ÿ ) $ * "% Ÿ B Ÿww #
% $sec tan È 1 1

  0.12 on the interval k ktan B � T ÐBÑ Ÿ Ÿ B Ÿ" % $
1 1

  b.  Use ¸ ¸ k k k k" "
B $x#

www� T ÐBÑ Ÿ ÐB � "ÑÐB � $ÑÐB � %Ñ 0 Ð-Ñ Þ
" Ÿ - Ÿ %

max

  Note:  so on it follows that 6.  A graph of0 ÐBÑ œ 'ÎB Ò"ß %Óß 0 Ÿwww % wwwk k
   will show that it is less than 2.2 on .  SoÐB � "ÑÐB � $ÑÐB � %Ñ Ò"ß %Ó
  .¸ ¸" "

B '#� T ÐBÑ Ÿ † #Þ# † ' œ #Þ#

6-12. » coef = polyfit(x,y,length(x)-1);
 » valueatpi = polyval(coef,pi)

6-13. a. yes, no; b. no; c. yes, no; d. no

6-15. a. T Ð%Þ#&Ñ œ "(Þ$&!) T Ð'Þ(Ñ œ #)Þ%!!&
WÐ%Þ#&Ñ œ "(Þ$!"' WÐ'Þ(Ñ œ #&Þ)%%"
( (

 ,Þ T Ð%Þ#&Ñ œ "#Þ"'!& T Ð'Þ(Ñ œ � "Þ$%*'
W Ð%Þ#&Ñ œ "#Þ$((& W Ð'Þ(Ñ œ "Þ$&$(
( (
w w

w w

6-18. .  For example 
Ô ×Ô × Ô ×
Õ ØÕ Ø Õ Ø

' ! ! , �%
" % " , $
! ! ' , "

œ + œ !Þ"*#("ß , œ �"Þ'&'#&ß
#

$

%

$
% " "

  and .- œ $Þ%&"( . œ #" "

6-22. 2 , � #Ð2 � 2 Ñ, � 2 , œ $Ð Ñ. � $Ð � Ñ. � $Ð Ñ.4�" 4�" 4�" 4 4 4 4 4�" 4 4�"
" " " "

2 2 2 24�" 4�" 4 4

Chapter 7

7-2. a. IÐ- ß - Ñ œ Ð- � "Ñ � Ð- � - � "Ñ � Ð#- � - � #Ñ � Ð%- � - � &Ñ" # # " # " # " #
# # # #.
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 b. %#- � "%- œ &!" #

     "%- � %- œ ")" #

 c. Better be the same!

7-5. a. lscoef2 = polyfit(T,V,2)
 c. at  ; at  '' #Þ&!($ß �!Þ!$(" (' #Þ"($#ß �!Þ!#*(° °

7-8 
Ô × Ô ×Ö Ù Ö ÙÖ Ù Ö Ù
Õ Ø Õ Ø

! ! !
! ! !” •3œ" 3œ" 3œ"

8 8 8
# # # �B # #
3 3 3 3

3œ" 3œ" 3œ"

8 8 8
# �B �B # # �B
3 3

ÐB Ñ B / C B

B / Ð/ Ñ C /

+
,

œ

3

3 3 3

7-9. a. » cquad = polyfit(x,y,2)
     cquad =
       7.8125e-001 -1.0757e+000  5.4935e-001
     » cexp = polyfit(x,log(y),1)
     cexp =
       1.2957e+000 -2.3732e+000
     » cpow = polyfit(log(x),log(y),1)
     cpow =
       1.1489e+000 -9.3735e-001
     » crec = polyfit(x,1./y,1)
     crec =
      -3.2962e+000  6.6597e+000

 b. Reciprocal followed by, in order, quadratic, exponential, and power

7-10. lscoef = polyfit(t,1./y,2)

Chapter 8

8-2. a. Derivative values:
  Forward Forward Forward Central Backward Backward

Two term Three Term Four Term Two Term Two Term Three Term2
!Þ" �!Þ#%&$ �!Þ#'(' �!Þ#(!# �!Þ#(#& �!Þ#**' �!Þ#''&
!Þ!& �!Þ#&(' �!Þ#'*) � !Þ#(!' �!Þ#("" �!Þ#)%( �!Þ#'(*
!Þ!#& �!Þ#'%! �!Þ#(!& �!Þ#(!( �!Þ#(!) �!Þ#((' �!Þ#(!%

 a. Errors:
 Forward Forward Forward Central Backward Backward

Two term Three Term Four Term Two Term Two Term Three Term2
!Þ" �!Þ!#&$ �!Þ!!$" �!Þ!!!% !Þ!!") !Þ!#*! �!Þ!!%#
!Þ!& �!Þ �!Þ!!!) �!Þ!!!!' !Þ!!!%& !Þ!"%! �!Þ!!!*(

!Þ!#& �!Þ!!'( �!Þ!!!# �) † "! !Þ!!!"" !Þ!!'* �!Þ!!!#$

0131
�'
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 c. Derivative values:
  Forward Forward Forward Central Backward Backward

Two term Three Term Four Term Two Term Two Term Three Term2
!Þ" �!Þ"**& !Þ!*%( !Þ!)&% !Þ!'%% !Þ$#)$ !Þ"!)&
!Þ!& �!Þ!&)' !Þ!)#% !Þ!()! !Þ!($) !Þ#!'# !Þ!)%"
!Þ!#& !Þ!"!! !Þ!()& !Þ!((" !Þ!('# !Þ"%#& !Þ!()(

 c. Errors:
 Forward Forward Forward Central Backward Backward

Two term Three Term Four Term Two Term Two Term Three Term2
!Þ" !Þ#('& �!Þ!"(( �!Þ!!)% !Þ!"#' �!Þ#&"$ �!Þ!$"&
!Þ!& !Þ"$&' �!Þ!!&% �!Þ!!!*( !Þ!!$# �!Þ"#*# �!Þ!!("
!Þ!#& !Þ!'(! �!Þ!!"& �!Þ!!!"# !Þ!!!) �!Þ!'&& �!Þ!!"(

8-3. a.  gives forward differences of 2 / ! "
       gives forward differences of 2 * ! �"
  b.  All centered differences are zero
  c.  Slope of “left half” of  is  while “right half” is k kB �" � "
  d.  Numerical differentiation at points of non differentiability might be misleading

8-4. 0 Ð Ñww B œ Ò0ÐB � #0ÐB � 2Ñ � 0ÐB � #2ÑÓ � Ð2Ñ3 3 3 3
"
2# b

8- . * B œ Ò�0ÐB � $2Ñ � %0ÐB � #2Ñ � &0ÐB � 2Ñ � #0ÐB ÑÓ � Ð2 Ñ0 Ð Ñww
3 3 3 3 3

"
2

#
# b

8-10. » coef3 = polyfit(x,y,3);
 » coef3p = polyder(coef3);coef3pp = polyder(coef3p);
 » d1 = polyval(coef3p,x(1)), d2 = polyval(coef3pp,x(1))

8-11. a. "Þ!%'#
 b. Use the formula    Graph  to see that  forI Ÿ 0 ÐBÑ Þ 0 0 ÐBÑ Ÿ "Þ(

Ò#Þ&ß $Ó
%
X ww ww wwÐ,�+Ñ

"#8

$

# max k k k k
       So #Þ& Ÿ B Ÿ %Þ I Ÿ † "Þ( œ Þ!#*))#)%

X Ð%�#Þ&Ñ
"#†%

$

#

8-12. a. 1.0688
  b. Use the formula    Graph  to see that I Ÿ 0 ÐBÑ Þ 0 0 ÐBÑ Ÿ 'Þ(

Ò#Þ&ß $Ó
%

Ð,�+Ñ
")!8

Ð%Ñ Ð%Ñ Ð%ÑS 5

% max ¸ ¸ ¸ ¸
      for   So#Þ& Ÿ B Ÿ %Þ I Ÿ † 'Þ( œ Þ!!""!%"$%

Ð%�#Þ&Ñ
")! %

&

%

8-13. a. Solve  to get , so  will work.Ð%�#Þ&Ñ
"#†8

$

# † "Þ( Ÿ Þ!!!" 8   '*Þ"%'' 8 œ (!

  b. Solve  to get , so  will work.Ð%�#Þ&Ñ
")! 8

&

% † 'Þ( Ÿ Þ!!!" 8   (Þ#*"%' 8 œ )

8-15. a. » syms x
     » int(sin(sqrt(x)),1,4)
     ans =
     2*sin(2)-4*cos(2)-2*sin(1)+2*cos(1)



Selected Answers  171

 b. $*)ß #%
 c. #$)ß "%

8-20. First do a change of variables:  .  Note .  SoB œ > � œ > � .B œ .>%�#Þ& %�#Þ& "Þ& 'Þ& "Þ&
# # # # #

     , where ' ' '
#Þ& �" �"

% " ""Þ& "Þ& 'Þ& "Þ& "Þ& 'Þ&
# # # # # #0ÐBÑ.B œ 0Ð > � Ñ.> œ 1Ð>Ñ.> 1Ð>Ñ œ 0Ð > � Ñ œ

     .!Þ(& ÐÐ > � Ñ Î&Ñsin "Þ& 'Þ&
# #

#

   K œ # 1Ð!Ñ œ "Þ#)&#&"

  K œ " † 1Ð $Î$Ñ � " † 1Ð� $Î$Ñ œ "Þ!'"'&#
È È

  K œ 1Ð $Î&Ñ � 1Ð!Ñ � 1Ð� $Î&Ñ œ "Þ!'))$$
& ) &
* * *

È È
  (Actual value:  )"Þ!'))!

8-24. 'Þ')#&

8-26. "!Þ%)))ß "!Þ&")%ß "!Þ&"''

8-28. Use the code in the text or see Problem 8-27.
 8 œ &ß $Þ( † "! à 8 œ "!ß %Þ( † "! à 8 œ "&ß " † "!�% �' �'

Chapter 9

9-1. a. Values  Euler Improved MidPt R-K ExactB
! "Þ!!!! "Þ!!!! "Þ!!!! "Þ!!!! "Þ!!!!
Þ" "Þ"!!! "Þ"!'& "Þ"!&) "Þ"!'# "Þ"!'#
Þ# "Þ#"$! "Þ#$!$ "Þ##)) "Þ##*) "Þ##*)
Þ$ "Þ$%'$ "Þ$(*' "Þ$((" "Þ$(*! "Þ$(*!

   b. Errors  Euler Improved MidPt R-KB
! !Þ!!!! !Þ!!!! !Þ!!!! !Þ!!!!
Þ" !Þ!!'# �!Þ!!!$ !Þ!!!% !Þ!!!!
Þ# !Þ!"') �!Þ!!!& !Þ!!"! !Þ!!!!
Þ$ !Þ!$#( �!Þ!!!' !Þ!!"* !Þ!!!!

9-2. In impeuler.m modifiy the contents of the for-end statement computing as follows:C3�"

 a. Midpoint
  for i = 1:n
        k1 = ydot(t(i),        y(i)              );
        k2 = ydot(t(i)+h/2, y(i)+h*k1/2);
        y(i+1) = y(i)+h*k2;
  end
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  b. Runge-Kutta
  for i = 1:n
     k1 = ydot(t(i),        y(i)              );
     k2 = ydot(t(i)+h/2, y(i)+h*k1/2);
     k3 = ydot(t(i)+h/2, y(i)+h*k2/2);
     k4 = ydot(t(i)+h,    y(i)+h*k 3  );
     y(i+1) = y(i)+h*(k1+2*k2+2*k3+k4)/6;
  end

9-3. a. Values  Euler Improved MidPt R-K ExactB
! "Þ!!!! "Þ!!!! "Þ!!!! "Þ!!!! "Þ!!!!
Þ!& "Þ!&!! "Þ!&"% "Þ!&"$ "Þ!&"% "Þ!&"%
Þ" "Þ"!#* "Þ"!'$ "Þ"!'" "Þ"!'# "Þ"!'#
Þ"& "Þ"&*& "Þ"'&% "Þ"'&" "Þ"'&$ "Þ"'&$
Þ# "Þ##!* "Þ##** "Þ##*& "Þ##*) "Þ##*)
Þ#& "Þ#)(* "Þ$!!) "Þ$!!$ "Þ$!!( "Þ$!!(
Þ$ "Þ$'"( "Þ$(*# "Þ$()& "Þ$(*! "Þ$(*!

  b. Errors  Euler Improved MidPt R-KB
! !Þ!!!! !Þ!!!! !Þ!!!! !Þ!!!!
Þ!& !Þ!!"% !Þ!!!! !Þ!!!" !Þ!!!!
Þ" !Þ!!$$ !Þ!!!" !Þ!!!" !Þ!!!!
Þ"& !Þ!!&) !Þ!!!" !Þ!!!# !Þ!!!!
Þ# !Þ!!)* !Þ!!!" !Þ!!!$ !Þ!!!!
Þ#& !Þ!"#) !Þ!!!" !Þ!!!% !Þ!!!!
Þ$ !Þ"($ !Þ!!!" !Þ!!!& !Þ!!!!

9-6. At  the error in the midpoint method drops below the improved Euler method for> œ !Þ(&
  the remainder of the interval.

9-7.  at "Þ$'!( † "! > œ #Þ"%&'�$

9-9. a. 26.061, 10.776 at > œ !Þ#
  b. 24.772, 1.4409 at > œ !Þ"$


