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QUESTION 1:

a)

b)
)

d)

Approximate f(2.5) for f(x) = In(x) using the zero, first, second and third order Taylor
series expansions and employing a base point at x = 1. Provide the truncation error
associated with each approximation. Use 8 digits in your calculations.

Compute f(2.5) using 8 digits with your calculator

Compute the true percent relative error for each approximation found in a) using your
answer from b) as a true solution.

Discuss how you would improve convergence to the true solution of f(2.5)

4.6 True value: A2.5)=In(2.5)=0.916291...

zero order:
0916291-0 )
25 =FfNh=0 g =[————"  1x100% =100%
F@5)= 50 : ‘ o ‘ 6=100%
first order:
0.916291-1.5
=D+ DO25-D=0+1(1.5)=1.3 £, =|———— = 100% = 63.704%
(2.5) ) ) ) ) ; 0916291 ‘ 0 o
second order:
"(1 5 -1 4 0.916291-0.375
f(25)=15+ I )(2.5—1)' =15+—1.5 =0373 £, =|——————{=100% = 59.074%
2 2 0.916291
third order:
G 2 0.916291-1.5
f(2.5)=0375 +&{2.i—1)3 =0375+=-15 =15 £, =|—————— | = 100% = 63.704%
6 6 0916291
fourth order-
4 - 2701 —
f(25=15+ S (2.5—1)4 =15 +—61.:34 =0.234375 £, = 0916291 0'2343T5| % 100% = 74.421%
24 24 0.916291 |

Thus, the process seems to be diverging suggesting that a smaller step would be required for convergence.

Page 2 of 7



ENGR 391 Midterm May 25%, 2017

Final answers:

a) | 0™ order approximation =
1% order approximation =
2" order approximation =
3" order approximation =

b) | f(2.5) =
©) | & =

& =

& =

& =
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QUESTION 2:

Consider the following linear system of equations
5x1-2x, + 3x3 = 6
X1 - 4x, + 3x3 = 0
2x1- x, + 9x3 = 10
a)  Write the system as a matrix equation:[A]{x} = {b}

b)  Decompose the matrix into a set of one lower triangular (L) and one upper
triangular (U) matrices using the LU method of your choice.

c)  Solve the system [A]{x} = {b} using L and U matrices found in b)

Use sufficient digits in your calculations such that your final answer has an accuracy of 5
significant digits

a)
S .z 2| G
by 311221710
b)
5 _2 3 i1}
| -4 3 @) A 2| =___';, =D L
2 = | 4 [ {5}

"M E’I -lé_ :IFU:LT'

s .z b (1)
@W_mz ) e -2k a4 | (2Y) .

2l (3 Oz . L - p.eo5555
B g (1) ¥ -*F ' oL M- e
5 -t 3 [ o o
o b ay |=[]  [Ltl-lk
¢ ©  J.6bbbt 25 Y o

¥) _%(2‘)
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c)

[UI{x} = {2}

[L){z} = {b}

Or

1 0 07 (4 6

02 1 o]{}{o]

0.4 0.05555 11\z3 10

Then,

21:6

Forward substitutions yield

z,=—02x6=-12

And

z3 =10—-0.4 X 6 — 0.05555 x (—1.2) = 7.66667

5 =2 3 X1 6

0 -3.6 2.4 X2p=9 —1.2
0 0 7.666671\X3 7.66667
Then,

_ 7.66667

X3 = 766667
Backward substitution
x2 = 1

x1 = 1

Double check:

5 —2 371(1 6
1 —4 3|31; =30
2 —1 911 10
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b) | [L] = [U] =
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QUESTION 3:

The following equation f(x) = —2x° — 1.5x* + 10x + 1
In order to determine the maximum of this function, we must first differentiate it.

a) Use the bisection method to solve f'(x) = 0. Employ initial guesses of a = x, =
0 and b = xy = 1. Perform iterations until the approximate relative error falls below 11%.

b) Now solve f'(x) =0 using Newton-Raphson and an initial guess x, = 1. Perform
iterations until the approximate relative error falls below 11%.

a)
F(x)=-12x° =627 +10

The root of this function represents an extremum Using bisection and the recommended initial guesses
gives:

i X, Xy X fix) fix,) fix)xfix,) £&;
1  0.00000 1.00000 050000 10.00000 8.87500  88.75000
2 050000 1.00000 075000 887500 462109  41.01221 33.33%
3 0.75000 1.00000 0.87500 462109 -0.17444 -0.80610 14.29%
4 075000 0.87500 0.81250 462109 253263 11.70351 7.69%
b)
= f(x:)
ey = X —
l l f”(xl)
—12x° — 6x3 4+ 10
Yol = XN T T g

Iteration 1
x; = 0.897435 ¢, = 11.428%
x, = 0.872682 ¢4, =2.83%

Page 6 of 7



ENGR 391

Final answers:

Midterm

May 25%, 2017

a)

Using bisection x, =

b)

Using Newton Raphson x,.
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