CHAPTER 6

6.1 The function can be set up for fixed-point iteration by solving it for x

X = sioni}
Using an initial guess of x, = 0.5, the first iteration yields

x, =sin|J0.5| =0.649637

a

~10.649637—0.5
0.649637

‘XlOO% =23%

Second iteration:

x, = sin[+/0.649637 | = 0.721524
2

e T

Ell

The process can be continued as tabulated below:

iteration X; l&] ratio

0 0.500000

1 0.649637 23.034%

2 0.721524  9.963%  0.4325
3 0.750901  3.912%  0.3927
4 0.762097 1.469% 0.3755
5 0.766248  0.542%  0.3688
6 0.767772  0.198%  0.3663
7 0.768329  0.072%  0.3653
8 0.768532  0.026%  0.3650
9 0.768606  0.010%  0.3649

Thus, after nine iterations, the root is estimated to be 0.768606 with an approximate error of 0.010%.

The table also includes a column showing the ratio of the relative errors between iterations:

a,i

ratio =

a,i—l1
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As can be seen, after the first few iterations this ratio is converging on a constant value of about 0.3649.

Recall that the error of fixed-point iteration is
E ;=8 ©E,;

For our problem

g'(x)= %sin[\/ﬂ = 0—\/'2005[\/;}

The value of this quantity in the vicinity of the true root (0.768648) agrees with the ratio obtained in the

table confirming that the convergence is linear and conforms to the theory.

2'(0.768648) = Lcos[\/0.768648] —0.3648

1/0.768648

6.2 (a) The function can be set up for fixed-point iteration by solving it for x in two different ways. First, it

can be solved for the linear x,

0.9x7 —2.5
N T T

Using an initial guess of 5, the first iteration yields

0.9(5%*-2.5
T

=11.76 x100% = 57.5%

a

‘11.76—5‘

Second iteration:

L _0sa 1.76)* —2.5

| =718
1.7

a

‘71.8—11.76

x100% = 83.6%
71.8

Clearly, this solution is diverging. An alternative is to solve for the second-order x,

f1.7x,. +25
X =, |——
i+1 0.9

Using an initial guess of 5, the first iteration yields
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x100% = 43.0%

a

po o [FTO725
0.9

Second iteration:

- {1.7(3.432)+2.5 2060

This version is converging. All the iterations can be tabulated as

‘3.496—5

g, ‘w‘ x100% =14.14%

3.0629

iteration X; | 3u|

0 5.000000

1 3.496029 43.0194%
2 3.062905 14.1410%
3 2.926306 4.6680%
4 2.881882 1.5415%
5 2.867287 0.5090%
6 2.862475 0.1681%
7 2.860887 0.0555%
8 2.860363 0.0183%
9 2.860190 0.0061%

Thus, after 9 iterations, the root estimate is 2.860190 with an approximate error of 0.0061%. The result can

be checked by substituting it back into the original function,
£(2.860190) = —0.9(2.860190)* +1.7(2.860190) + 2.5 = —0.000294

(b) The formula for Newton-Raphson is

~0.9x] +1.7x; +2.5
T S T T T g 17

Using an initial guess of 5, the first iteration yields

L s 095 +17(5)+25
h ~1.8(5)+1.7
B ‘3.424658—5

= 3.424658

a

x100% = 46.0%
3.424658
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Second iteration:

—0.9(3.424658)" +1.7(3.424658) + 2.5

X; . =3.424658 — =2.924357
—1.8(3.424658)+1.7
| 2924357 3424658 | 0 010
| 2924357 |
The process can be continued as tabulated below:
iteration f(x) f(x) B

0 5 —11.5 =73
1 3.424658 —2.23353 —4.46438 46.0000%
2 2.924357 —0.22527 —3.56384 17.1081%
3 2.861147 —0.00360 —3.45006 2.2093%
4 2.860105  —9.8E—-07 —3.44819 0.0364%
5 2.860104 —7.2E-14 —3.44819 0.0000%

After 5 iterations, the root estimate is 2.860104 with an approximate error of 0.0000%. The result can be

checked by substituting it back into the original function,

£(2.860104) = —0.9(2.860104 )% +1.7(2.860104) + 2.5 = —7.2x10 '

6.3 (a)

>> x = linspace(0,4);

>> y = X.A3-6*Xx./2+11*x-6.1;
>> plot(x,y)

>> grid

6

-2

-4

-6

" N R R R

Estimates are approximately 1.05, 1.9 and 3.05.
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(b) The formula for Newton-Raphson is

x; —6x7 +11x, —6.1
3x7 —12x; +11

Xipg =X —

Using an initial guess of 3.5, the first iteration yields

(3.5 —6(3.5 +11(3.5)—6.1

¥ =35 - 3191304
33.52 —12(3.5) +11
e | =[P 600 — 0.673%
3.191304

Second iteration:

(3.191304) —6(3.191304)% +11(3.191304) —6.1

x, =3.191304 — = =3.068699
3(3.191304)* —12(3.191304) 411
1= 3.068699—3.191304 o 2 gose
3.068699 |
Third iteration:
3 2 _
X, = 3.068 (oo (3:008699)" —6(3.068699)” +11(3.068699) 6.1 _ 1 10 -

3(3.068699) —12(3.068699) +11

|E | _ |3‘047317—3.068699|X L00% — 0.762%
aTl o 3047317 |

(¢) For the secant method, the first iteration:

T =25 flz—1) = —0.475
X, =35 flx,) = 1.775
x =35 LTPEI30) 5 gy4yy
—0.475-1.775
e |= ‘M‘ x100% = 29.098%

2711111
Second iteration:

x,=3.5 fix,) = 1.775
x,=2711111  flx) = —0.45152
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—0.45152(3.5—2.711111)
1.775—(—0.45152)

_ |2'87129;7_1§‘971”“1|><100% —5.572%

X, = 2711111~ =2.871091

a

Third iteration:

x,=2711111  flx) = 045152
x,=2.871091  flx,) = —0.31011
—0.31011(2.711111—2.871091)
—0.45152—(~0.31011)
~[3.221923-2.871091]
] 3221923 |

x; =2.871091— =3.221923

x100% =10.889%

a

(d) For the modified secant method, the first iteration:

X, =35 flx) = 1.775
%, + 0x, = 3.535 flx, + dx,) = 1.981805
X = 3.5 OOIBIILTTS 5169507
1.981805—1.775
le,| = P23, 1009, — 9.39%
3.199597

Second iteration:

x, = 3.199597 flx,) = 0.426662

X, + 6x, = 3231593 flx, + 6x,) = 0.536513

0.01(3.199597)0.426662
0.536513—0.426662

|€a| _ |3‘075332375 3izz99597|  100% — 4.04%

x, =3.199597— =3.075324

Third iteration:

x, = 3.075324 f(x,) = 0.068096
x, + dx, = 3.106077 flx, + ox,) = 0.147105
x, = 3.075324— 0.01(3.075324)0.068096 3.048818

0.147105—0.068096
~ [3.048818 —3.075324|

7| 3043818 |><100%:O.869%

g{l
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(e
> a = [1 -6 11 -6.1]
a =
1.0000 -6.0000 11.0000 -6.1000

>> roots(a)

ans =
3.0467
1.8990
1.0544

6.4 (a)
>> x = linspace(0,4);
>> y = 7*sin(x).*exp(-x)-1;
>> plot(x,y)
>> grid
1 4 N N B

0.5

The lowest positive root seems to be at approximately 0.2.

(b) The formula for Newton-Raphson is

Tsin(x,)e " —1

Te " (cos(x;)—sin(x;))

Xipg =X —

Using an initial guess of 0.3, the first iteration yields

0.144376

. 03

X =03 01s1n(0.3)e 1 03— 0.532487 —0.144376
7e " (cos(0.3) —sin(0.3)) 3.421627

e, :‘W‘x 100% = 107.8%
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Second iteration:

. —0.144376 B
7sin(0.144376)e 1 0144376 — 0.12827 0169409

x, = 0.144376 —
? Te 14570 (c0s(0.144376) — sin(0.144376)) 5.124168

_10.169409 —0.144376|

x100% = 14.776%
0.169409 |

a

Third iteration:

i —0.169409 _ -
x, = 0.169409 — 75in(0.169409)e 1 0169409 0.00372

- =0.170179
Te 1% (c0s(0.169409) —sin(0.169409)) 4.828278

_[0.170179-0.169409] o saes

0.170179

a

(¢) For the secant method, the first iteration:

X1 =05 flx 1) = 1.035504
x,=04 flx,) = 0.827244

0.827244(0.5—0.4)
1035504 —0.827244
0.002782 — 0.4
‘ 0.002782

x, =0. —0.002782

‘ x100% = 14278%

a

Second iteration:

x,=04 flx,) = 0.827244

x, = 0.002782 flx,) = —0.98058

(—0.98058)(0.4 —0.002782)
0.827244 —(—0.98058)

~ 0.218237-0.002782)]

B 0218237 |

=0.218237

x, =0.002782 —

x100% = 98.725%

a

Third iteration:

x, = 0.002782 flx,) = —0.98058

x, = 0218237 flx,) = 0.218411

0.218411(0.002782 —0.218237)
—0.98058 —0.218411

xy =0.218237 — =0.178989
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~ 10.178989—0.218237|

g{l

0.178989

x100% = 21.927%

(d) For the modified secant method, the first iteration:

x, =03 flx,) = 0.532487
x, + 0x, = 0.303 f(x, + dx,) = 0.542708
(= 03— 0.01(0.3)0.532487 1000
0.542708 —0.532487
c |- ‘W‘ X 100% — 108.8%

0.143698

Second iteration:

x, = 0.143698
X, + 6x, = 0.145135

flx)) = —0.13175

flx, + ox,) = —0.12439
0.01(0.143698)(—0.13175)

x, = 0.143698 —

E{l

| 0169412
Third iteration:

x, = 0.169412
X, 4 0x, = 0.171106

—0.12439 — (—0.13175)

_|0.160412-0.143698| 0 1o 1ee

flx,) = —0.00371

flx, + dx,) = 0.004456
0.01(0.169412)(—0.00371)

x; =0.169412 —

Ell

| 0.170181

0.004456 — (—0.00371)

|0.170181-0.169412| | o 1 ors
= 0 — U. ©

The remaining iterations are summarized as

=0.169412

=0.170181

i x; x40x, f(x) f(x+6x,) f'(x) l&,]

0 0.3 0.303 0.532487 0.542708 | 3.406785

1 0.143698 | 0.145135 —0.13175 —0.12439 | 5.123684 | 108.771%
2 0.169412 | 0.171106 —0.00371 0.004456 | 4.818382 15.178%
3 0.170181 0.171883 4.14E-06 0.008189 | 4.809388 0.452%

4 0.17018 | 0.171882 —8.5E—09 0.008185 | 4.809398 0.001%

5 0.17018 | 0.171882 1.75E—11 0.008185 | 4.809398 0.000%
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6.5 (a) The formula for Newton-Raphson is

x) —16.05x +88.75x) —192.0375x7 +116.35x; +31.6875
Sx} —64.2x7 +266.25x7 —384.075x, +116.35

Xipp =X —

Using an initial guess of 0.5825, the first iteration yields

x, =0.5825 _ 5006217 =2.300098
9.1466

_ |2~302039§0;§é5825| x100% = 74.675%

5{1

Second iteration:

x, = 2.300098 _ 21546 =90.07506
0.245468

_[90.07506 -2.300098 | o oo iees
90.07506 |

a

Thus, the result seems to be diverging. However, the computation eventually settles down and converges

(at a very slow rate) on a root at x = 6.5. The iterations can be summarized as

iteration X; f (xi) fy (xi) &l

0 0.582500 50.06217 —29.1466

1 2.300098 —21.546 0.245468 74.675%
2 90.07506 4.94E+09 2.84E+08 97.446%
3 72.71520 1.62E+09 1.16E408 23.874%
4 58.83059 5.3E4+08 47720880 23.601%
5 47.72701 1.74E+08 19552115 23.265%
6 38.84927 56852563 8012160 22.852%
7 31.75349 18616305 3284098 22.346%
8 26.08487 6093455 1346654 21.731%
9 21.55998 1993247 552546.3 20.987%
10 17.95260 651370.2 226941 20.094%
11 15.08238 212524.6 93356.59 19.030%
12 12.80590 69164.94 38502.41 17.777%
13 11.00952 22415.54 15946.36 16.317%
14 9.603832 7213.396 6652.03 14.637%
15 8.519442 2292.246 2810.851 12.728%
16 7.703943 710.9841 1217.675 10.585%
17 7.120057 209.2913 556.1668 8.201%
18 6.743746 54.06896 286.406 5.580%
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19 6.554962 9.644695
20 6.503643 0.597806
21 6.500017 0.00285
22 6.5 6.58E—08

187.9363
164.8912

163.32
163.3125

11

2.880%
0.789%
0.056%
0.000%

(b) For the modified secant method, the first iteration:

x, = 0.5825
X, + 0x, = 0.611625

f(x,) = 50.06217
flx, + ox,) = 49.15724

« = 0.5825 0.05(0.5825)50.06217 _, |00

49.15724 —50.06217

_ |2- 193273953*72:825 I x100% = 73.447%

EL{

Second iteration:

x, = 2.193735
x, + 0x, = 2.303422

flx,) = —21.1969
flx, + ox,) = —21.5448

0.05(2.193735)(—21.1969)
—21.5448 —(—21.1969)

x, =2.193735 —

| -4.48891-2.193735|

- x100% = 148.87%
—448891 |

6{1

—4.48891

Again, the result seems to be diverging. However, the computation eventually settles down and converges

on a root at x = —0.2. The iterations can be summarized as
iteration X; x,+6x; f(x.) f(x.+6x;) &)

0 0.5825 0.611625 50.06217 49.15724

1 2.193735 2.303422 —21.1969 —21.5448 73.447%
2 —4.48891 —4.71336 —20727.5 —24323.6 148.870%
3 —3.19524 —3.355 —7201.94 —8330.4 40.487%
4 —2.17563 —2.28441 —2452.72 —2793.57 46.865%
5 —1.39285 —1.46249 —808.398 —906.957 56.200%
6 —0.82163 —0.86271 —250.462 —277.968 69.524%
7 —0.44756 —0.46994 —67.4718 —75.4163 83.579%
8 —0.25751 —0.27038 —12.5942 —15.6518 73.806%
9 —0.20447 —0.2147 —0.91903 —3.05726 25.936%
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10 —0.20008 —0.21008 —0.01613 —2.08575 2.196%
11 —0.2 —0.21 —0.0002 —2.0686 0.039%
12 —-0.2 —0.21 —2.4E—-06 —2.06839 0.000%

Explanation of results: The results are explained by looking at a plot of the function. The guess of 0.5825 is
located at a point where the function is relatively flat. Therefore, the first iteration results in a prediction of
2.3 for Newton-Raphson and 2.193 for the secant method. At these points the function is very flat and
hence, the Newton-Raphson results in a very high value (90.075), whereas the modified false position goes
in the opposite direction to a negative value (—4.49). Thereafter, the methods slowly converge on the

nearest roots.

60 -
40

20

-2 6 8
-2 e
Modified Newton
0 secant Raphson
-60 -
6.6
function root = secant(func,xrold,xr,es,maxit)

% secant(func,xrold,xr,es,maxit):
% uses secant method to find the root of a function

% input:

% func = name of function

% xrold, xr = initial guesses

% es = (optional) stopping criterion (%)

% maxit = (optional) maximum allowable iterations
% output:

% root = real root

% if necessary, assign default values

if nargin<5, maxit=50; end %if maxit blank set to 50
if nargin<4, es=0.001; end %if es blank set to 0.001
% Secant method
iter = 0;
while (1)
xrn = xr - func(xr)*(xrold - xr)/(func(xrold) - func(xr));

iter = iter + 1;

if xrn ~= 0, ea = abs((xrn - xr)/xrn) * 100; end
if ea <= es | iter >= maxit, break, end

xrold = xr;
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Xr = Xrn;
end
root = xrn;

Test by solving Prob. 6.3:

format Tong
f=@(x) x"*3-6*x72+11*x-6.1;
secant(f,2.5,3.5)
ans =
3.046680527126298

6.7

function root = modsec(func,xr,delta,es,maxit)

% modsec(func,xr,delta,es,maxit):

% uses modified secant method to find the root of a function
% input:

% func = name of function

% Xr = initial guess

% delta = perturbation fraction

% es = (optional) stopping criterion (%)

% maxit = (optional) maximum allowable iterations
% output:

% root = real root

% if necessary, assign default values

if nargin<5, maxit=50; end %if maxit blank set to 50

if nargin<4, es=0.001; end %if es blank set to 0.001

if nargin<3, delta=1E-5; end %if delta blank set to 0.00001

% Secant method
iter = 0;
while (1)
xrold = xr;
xr = xr - delta*xr*func(xr)/{(func(xr+delta*xr)-func(xr));
iter = iter + 1;
if xr ~= 0, ea = abs{((xr - xrold)/xr) * 100; end
if ea <= es | iter >= maxit, break, end
end
root = Xxr;

Test by solving Prob. 6.3:

clear, clc, format long, format compact
f=@(x) x*3-6*x"2+11*x-6.1;
modsec(f,3.5,0.01)

ans =
3.046680684018593
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6.8 The equation to be differentiated is

f(m)= U tanh[1 /&t] —v
cy m

Note that
dtanhu _ sechzu@
x dx

Therefore, the derivative can be evaluated as

M: ﬂsechz &[ _l 1 t%_i'_tanh
dm cy \J m 2\(c 8| m?

The two terms can be reordered

dfom) 1 1% 8 onp /&, _ L Jem | a8 oo /&t
dm 2\ gm ¢, m 2\ ¢, \cy8 m? m

The terms pre-multiplying the tanh and sech can be simplified to yield the final result

df(m) :l —&_ tanh Jﬁt — & sech? & t
dm 2\ me, m 2m m

6.9 (a) The formula for Newton-Raphson is

/&tl fa 8
m |2\ gmc,

~2+46x, —4x7 +0.5x]
6 —8x; +1.5x

Xipg =X —

Using an initial guess of 4.5, the iterations proceed as

iteration X; fi (xi) f (xi) A
0 4.5 -10.4375 0.375
1 32.333330 12911.57 1315.5 86.082%
2 22.518380 3814.08 586.469 43.586%
3 16.014910 1121912 262.5968 40.609%
4 11.742540 326.4795 118.8906 36.384%
5 8.996489 92.30526 55.43331 30.524%
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6 7.331330 24.01802 27.97196 22.713%
7 6.472684 4.842169 17.06199 13.266%
8 6.188886 0.448386 13.94237 4.586%
9 6.156726 0.005448 13.6041 0.522%
10 6.156325 8.39E-07 13.59991 0.007%

Thus, after an initial jump, the computation eventually settles down and converges on a root at x =
6.156325.

(b) Using an initial guess of 4.43, the iterations proceed as

iteration x; f(x)) f'(x) el

0 4.43 —10.4504 —0.00265

1 —3939.13 —3.1E+10 23306693 100.112%
2 —2625.2 —9.1E+09 10358532 50.051%
3 —1749.25 —2.7E4+09 4603793 50.076%
4 —1165.28 —8E+08 2046132 50.114%
5 —775.964 —2.4E+08 909393.5 50.171%
21 0.325261 —0.45441 3.556607 105.549%
22 0.453025 —0.05629 2.683645 28.203%
23 0.474 —0.00146 2.545015 4.425%
24 0.474572 —1.1E—-06 2.541252 0.121%
25 0.474572 —5.9E—13 2.541249 0.000%

This time the solution jumps to an extremely large negative value The computation eventually converges at

a very slow rate on a root at x = 0.474572.

Explanation of results: The results are explained by looking at a plot of the function. Both guesses are in a
region where the function is relatively flat. Because the two guesses are on opposite sides of a minimum,
both are sent to different regions that are far from the initial guesses. Thereafter, the methods slowly

converge on the nearest roots.

-4

@]
PR w
h,

-12
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6.10 The function to be evaluated is
x=+a
This equation can be squared and expressed as a roots problem,
f(x)= xr—a
The derivative of this function is
f'(x)=2x

These functions can be substituted into the Newton-Raphson equation (Eq. 6.6),

which can be expressed as

x;,+alx
X, =—-2"
i+1 2

6.11 (a) The formula for Newton-Raphson is

tanh(x” —9)

X. = -
" 2xsech’(x? —9)

Using an initial guess of 3.2, the iterations proceed as

iteration X; f(x;) f'(x:) EA
0 3.2 0.845456 1.825311
1 2.736816 —0.906910 0.971640 16.924%
2 3.670197 0.999738 0.003844 25.431%
3 -256.413 101.431%

Note that on the fourth iteration, the computation should go unstable.

(b) The solution diverges from its real root of x = 3. Due to the concavity of the slope, the next iteration

will always diverge. The following graph illustrates how the divergence evolves.
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6.12 The formula for Newton-Raphson is

0.0074x; —0.284x] +3.355x> —12.183x, +5
0.0296x; —0.852x7 +6.71x, —12.183

i+l — X

Using an initial guess of 16.15, the iterations proceed as

iteration X; f(x,) f'(x) &

0 16.15 —9.57445 —1.35368

1 9.077102 8.678763 0.662596 77.920%
2 —4.02101 128.6318 —54.864 325.742%
3 —1.67645 36.24995 —25.966 139.852%
4 —0.2804 8.686147 —14.1321 497.887%
5 0.334244 1.292213 —10.0343 183.890%
6 0.463023 0.050416 —9.25584 27.813%
7 0.46847 8.81E—05 —9.22351 1.163%
8 0.46848 2.7E—10 —9.22345 0.002%

As depicted below, the iterations involve regions of the curve that have flat slopes. Hence, the solution is

cast far from the roots in the vicinity of the original guess.

10

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual

may be displayed. reproduced or distributed in any form or by any means, without the prior written permission of the

ublisher, or used beyond the limited distribution to teachers and educators permitted by McGraw-Hill for their

individual course preparation. If you are a student using this Manual, you are using it without permission.




18

6.13 The solution can be formulated as

clear,clc,cl1f,format Tong g

cp=[1.952e-14 -9.5838e-11 9.7215e-8 1.671e-4 0.99403];
T=[0:1200];

cp_plot=polyval(cp,T);

plot(T,cp_plot),grid

1.25

115

0 200 400 600 800 1000 1200

f(T)=0=—0.10597 +1.671x10"*T +9.7215x 10" 87% —9.5838x10 "' 7% +1.9520x 10~ 1%

A MATLARB script can be used to determine all the roots of this polynomial,

clear, clc,format Tong, format compact
x=[1.952e-14 -9.5838e-11 9.7215e-8 1.671e-4 -0.10597];
roots(x)

ans =
1.0e+03 *
2.748337084749208 + 1.1262855914722951
2.748337084749208 - 1.1262855914722951
-1.131028100596544 + 0.0000000000000001
0.544087537655508 + 0.0000000000000001

The only realistic value is 544.0875... This value can be checked using the po1yvaT function,

polyval(x, 544.087537655508)
ans =
-9.714451465470120e-17
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6.14 The solution involves determining the root of

X 6

1—x\V2+x

—0.05

f(x)=

MATLAB can be used to develop a plot that indicates that a root occurs in the vicinity of x = 0.03.

f=@(x) x./(1l-x).*sgrt(6./(2+x))-0.05;
x = linspace(0, .2);

y = f(x);

plot(x,y),grid

0.4

The fzer o function can then be used to find the root

format Tong
fzero(f,0.03)

ans =
0.028249441148471

6.15 The coefficient, a and b, can be evaluated as

>> format Tong
>> R = 0.518;pc = 4600;Tc = 191,
>> a = 0.427*R*2*Tc”r2.5/pc
a:
12.55778319740302
>> b = 0.0866*R*Tc/pc
b =
0.00186261539130

The solution, therefore, involves determining the root of

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual
may be displayed. reproduced or distributed in any form or by any means. without the prior written permission of the
publisher, or used beyond the limited distribution to teachers and educators permitted by McGraw-Hill for their
individual course preparation. If you are a student using this Manual, you are using it without permission.



20

0.518(233.15) 12.557783

£(v) = 65,000 —
v—0.0018626 (v -+0.0018626)3/233.15

MATLAB can be used to generate a plot of the function and to solve for the root. One way to do this is to

develop an M-file for the function,

unction y = fvol(v)

0.518;pc = 4600;Tc = 191;
0.427*RA2*Tc”r2.5/pc;

0.0866*R*Tc/pc;

273.15-40;p = 65000;

p - R*T./(v-b)+a./(v.*(v+b)*sqrt(T));

- nnins

< 400 U

This function is saved as fvo1 . m. It can then be used to generate a plot

clear, clc, format compact
v = linspace(0.002,0.004);
fv = fvol(v);

plot(v,fv)

grid

Thus, a root is located at about 0.0028. The fzer o function can be used to refine this estimate,

vroot fzero('fvol',0.0028)

vroot =
0.002808408657034

The mass of methane contained in the tank can be computed as

mass = V/v = 3/0.002808409 = 1068.2206
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6.16 The function to be evaluated is

f(h)y=V— L

2 cos™! [ﬂ] —(r—hW2rh— h?
r

To use MATLAB to obtain a solution, the function can be written as an M-file

function y = fh(h,r ,L,V)
y =V - (rf2*acos((r-h)/r)-(r-h)*sgrt(2*r*h-hn2))*L;

The fzer o function can be used to determine the root as

>> format Tong

>> r =2;L =5;V =8;
~> h = frero( th',0.5,[1,r,L,V)
h =

0.74001521805594

6.17 (a) The function to be evaluated is

T T
f(T,)=10—-Acosh 2001, Ta
10 T, ] 10

The solution can be obtained with the fzer o function as

>> format Tong

>> TA = fzero(inline('10-x/10*cosh(500/x)}+x/10"'),1000)

TA =
1.266324360399887e+003

(b) A plot of the cable can be generated as

>> X Tinspace(-50,100);
>> w 10;y0 = 5;
>> TA/w*cosh(w*x/TA) + y0 - TA/w;

1%
>> plot(x,y),grid

21
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50 T T

6.18 The function to be evaluated is

f(t)=9e " sin(27t)—3.5

A plot can be generated with the MATLAB script,

clear, clc, format compact, format Tong

t = Tinspace(0,2);

ft = @(t) 9*exp(-t) .* sin(2*pi*t) - 3.5;
y=ft(t);

plot(t,y),grid

Thus, there appear to be two roots at approximately 0.1 and 0.4. The fzer o function can be used to

obtain refined estimates,

>> t = fzero(ft,[0 0.2])
t =
0.06835432096851
>> t = fzero(ft,[0.2 0.8])
t =
0.40134369265980
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6.19 The function to be evaluated is

2
1 1 1
“‘“)E‘JF[“’C‘J]

Substituting the parameter values yields

1 2\
fw)=0.01—,|——+]0.6x10 Cw—=
50625 w

The fzer o function can be used to determine the root as

>> fzero('0.01-sqrt(1/50625+(0.6e-6*x-2./x)}.72)"',[1 1000])
ans =
220.0202

6.20 The following script uses the fzer o function can be used to determine the root as

format Tong

k1=40000;k2=40;m=95;g=9.81;h=0.43;

fd=@(d) 2*k2*d~(5/2)/5+0.5*k1*d*2-m*g*d-m*g*h;
fzero(fd,1)

ans =
0.166723562437785

6.21 If the height at which the throw leaves the right fielders arm is defined as y = 0, the y at 90 m will be

—0.8. Therefore, the function to be evaluated is

44.145

T
f(9):0.8+90tan(—9 ]—
180 ° cosz(7r90/180)

Note that the angle is expressed in degrees. First, MATLAB can be used to plot this function versus various

angles:

format Tong

g=9.81;v0=30;y0=1.8;

fth=@(th) 0.8+90*tan(pi*th/180)-44.1./cos(pi*th/180).+2;
thplot=[0:70];fplot=fth(thplot);

plot(thplot,fplot),grid
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50
0 —— [ —
L
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-100
-150
0 10 20 30 40 50 60 70

Roots seem to occur at about 40° and 50°. These estimates can be refined with the fzer o function,

thetal = fzero(fth,[30 45])
theta2 fzero(fth,[45 60])

with the results

thetal =
37 .837972746140331
theta2 =
51.652744848882158

Therefore, two angles result in the desired outcome. We can develop plots of the two trajectories:

xdist=90;
yth=@(x,th) tan(th*pi/180)*x-g/2/v0*2/cos(th*pi/180)r2*x./2+y0;
xplot=[0:xdist];yplot=yth(xplot,thetal);yplot2=yth(xplot,theta2)

ﬁ]ot(xp]ot,yp1ot,xp1ot,yp1ot2,'——')
grid;legend(['angle=' num2str(thetal)],['angle="'
num2str(theta2)])

30 — .
|7 angle=37.959
25 v | —angle=51.5317

20

15

10

0 20 40 60 80 100

Note that the lower angle would probably be preferred as the ball would arrive at the catcher sooner.
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6.22 The equation to be solved is
f(h)=mnRh* — [g]%ﬂ —v

Because this equation is easy to differentiate, the Newton-Raphson is the best choice to achieve results
efficiently. It can be formulated as

3
277in — X’

i

TRx? —[”] Sy

or substituting the parameter values,

m(3)x? [Z]x? ~30

X =X —

27(3)x; — 7rxi2

The iterations can be summarized as

iteration X; fx) f'(x) &l
0 3 26.54867 28.27433
1 2.061033 0.866921 25.50452 45.558%
2 2.027042 0.003449 25.30035 1.677%
3 2.026906 5.68E—08 25.29952 0.007%

Thus, after only three iterations, the root is determined to be 2.026906 with an approximate relative error of
0.007%.

6.23

>> format short g
> r = [-2 -5 6 4 8];
>> a = poly(r)
a:
1 -11 -12 356 -304 -1920

>> polyval(a,l)
ans =
-1890

>> b = poly([-2 -5])
b —

1 7 10
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>> [q,r] = deconv(a,b)
q =
1 -18 104 -192
r' =
0 0 0 0 0 0
>> x = roots(q)
X =
8
6
4
>> a = conv(qg,b)
a =
1 -11  -12 356 -304 -1920
>> x = roots(a)
X —
8
6
4
-5
-2
>> a = poly(x)
a —
1 -11 -12 356 -304 -1920
6.24
>> a = [1 9 26 24];
>> r = roots(a)
r —
-4.0000
-3.0000
-2.0000
>> a = [1 15 77 153 90];
>> r = roots(a)
r —
-6.0000
-5.0000
-3.0000
-1.0000

Therefore, the transfer function is

s+ D(s+3)(s+2)

G(s)=
(s+6)(s+5)(s+1)
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6.25 The equation can be rearranged so it can be solved with fixed-point iteration as

i+ B30

Substituting the parameters gives,

H,., =0206212920 +2H,)*"

This formula can be applied iteratively to solve for H. For example, using and initial guess of H, = 0, the

first iteration gives
H, =0.2062129(20 +2(0))*"* = 0.683483

Subsequent iterations yield

H A
0.000000
0.683483 100.000%
0.701799 2.610%
0.702280 0.068%
0.702293 0.002%

B W N = O =~

Thus, the process converges on a depth of 0.7023. We can prove that the scheme converges for all initial

guesses greater than or equal to zero by differentiating the equation to give

. 0.16497
(204 2H)*

This function will always be less than one for H > 0. For example, if H = 0, g’ = 0.027339. Because H is in
the denominator, all values greater than zero yield even smaller values. Thus, the convergence criterion that

lg’| < 1 always holds.

6.26 This problem can be solved in a number of ways. One approach involves using the modified secant
method. This approach is feasible because the Swamee-Jain equation provides a sufficiently good initial
guess that the method is always convergent for the specified parameter bounds. The following functions

implement the approach:

function ffact = prob0626(eD,ReN)
% prob0626: friction factor with Colebrook equation
% ffact = prob0626(eD,ReN):
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% uses modified secant equation to determine the friction
factor

% with the Colebrook equation

% input:

% eD = e/D

% ReN = Reynolds number

% output:

% ffact = friction factor
maxit=100;es=1e-8;delta=1le-5;

iter = 0;

% Swamee-Jain equation:

xr = 1.325 / (log(ebD / 3.7 + 5.74 / ReN ~ 0.9)) ~ 2;
% modified secant method

while (1)

xrold = xr;

Xr = Xr -
delta*xr*func(xr,eD,ReN)/(func(xr+delta*xr,eD,ReN). ..
func(xr,eD,ReN));

iter = iter + 1;

if xr ~= 0, ea = abs((xr - xrold)/xr) * 100; end

if ea <= es | iter >= maxit, break, end
end
ffact = xr;

function ff=func(f,eD,ReN)
ff = 1/sqrt(f) + 2*¥1ogl0(eDb/3.7 + 2.51/ReN/sqrt(f));

Here are implementations for the extremes of the parameter range:

>> prob0626(0.00001,4000)
ans =
0.0399

>> prob0626(0.05,4000)
ans =
0.0770

>> prob0626(0.00001,1e7)
ans =
0.0090

>> prob0626(0.05,1e7)

ans =
0.0716

6.27 The Newton-Raphson method can be set up as

e "4 —x)-2
—e "7 (3-0.5x,)
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(a)

i x f(x) f(x)

0 2 —1.26424 —0.73576
1 0.281718 1.229743 —2.48348
2 0.776887 0.18563 —1.77093
3 0.881708 0.006579 ~1.64678
4 0.885703 9.13E—06 —1.64221
5 0.885709 1.77E—11 —1.6422
6 0.885709 0 —1.6422

(b) The case does not work because the derivative is zero at x, = 6.

(0
i x f(x) f'(x)
0 8 —2.07326 0.018316
1 121.1963 -2 2.77E-25
2 7.21E+24 -2 0

This guess breaks down because, as depicted in the following plot, the near zero, positive slope sends the

method away from the root.

6.28 The optimization problem involves determining the root of the derivative of the function. The

derivative is the following function,

fl(x)=—12x" —6x +10
The Newton-Raphson method is a good choice for this problem because

e The function is easy to differentiate

e Itconverges very rapidly

The Newton-Raphson method can be set up as
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—12x) —6x] +10
—60x; —18x}

Xip1 =X —

First iteration:

=120 —6(1)* +10

X =x — 0.897436
P eoyt — 1831y
g, = 0897436 11 1 0096 = 11.43%
0.897436

Second iteration:

o — o —12(0.897436)° —6(0.897436)" +10 _ ) oo cos

—60(0.897436)* —18(0.897436)°

0.872682 —0.897436| S 100% — 2.84%
0.872682 |

€a :|

Since ¢, < 5%, the solution can be terminated.

6.29 Newton-Raphson is the best choice because:
e You know that the solution will converge. Thus, divergence is not an issue.
e Newton-Raphson is generally considered the fastest method
e  You only require one guess

e The function is easily differentiable

To set up the Newton-Raphson first formulate the function as a roots problem and then differentiate it
f(x)=e"" —5+45x

f'(x)=0.5¢"" +5

These can be substituted into the Newton-Raphson formula

e 54 5x,
0.5¢"% +5
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First iteration:

émm”—5+5m7)f077_00&p3

x =0.7— =0. =0.714175
0.56()'5(0'7) +5 5.7095
g, = OTINT =07} 009, — 1.98%
0.714175

Therefore, only one iteration is required.
6.30 (a)
function [b,fb] = fzeronew(f,x1,xu,varargin)
% fzeronew: Brent root location zeroes

6 [b,fb] = fzeronew(f,x1,xu,pl,p2, )
% uses Brent's method to flnd the root of f
% input:
% f = name of function
% x1, xu = lower and upper guesses
% pl,p2,... = additional parameters used by f
% output:
% b = real root

% fb = function value at root
if nargin<3,error('at Teast 3 input arguments required'),end

a=xl; b
c = a; fc

xu; fa = f(a,varargin{:}); fb = f(b,varargin{:});
fa, d=Db - c; e = d;

while (1)
if fb == break, end
if 51gn(fa) == sign(fb) %If necessary, rearrange
points
a=c¢;, fa=fc;, d=b - c; e =d;
end
if abs(fa) < abs(fb)
c =b; b=a; a=c;
fc = fb; fb = fa; fa = fc;
end
m=0.5* (a - b); %Termination test and possible exit

tol = 2 * eps * max(abs(b), 1);
if abs(m) <= tol | fb == 0.
break
end
%Choose open methods or bisection
if abs(e) >= tol & abs(fc) > abs(fb)
s = fb / fc;

if a == c %Secant method
p=2%m?*s; g=1 - s;

else %Inverse quadratic interpolation
q= fc / fa; r = fb / fa;
p=s*(2*m*qg=*(g-r)-(b-c)*(r-1));
q=1(g-1) * (r - 1) * (s - 1);

end
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, 4 = -q; else p = -p, end;
3 *m* g - abs(tol * q) & p < abs(0.5 * e * q)

else %Bisection

c =b; fc = fb;

if abs(d) > tol, b =b + d; else b = b - sign(b - a) * tol;
end

fb = f(b,varargin{:});

end
(b)
>> [x,fx] = fzeronew(@(x,n) x*n-1,0,1.3,10)
X=
1
fx =
0

6.31 (a) Substituting Eq. (2) into Eq. (1) and collecting terms gives

3/2
{1+H /H 2
=1.125 [—""wp Jo|Z| H?
Qw 2+H/1/Hw ,1\/8?[3] h

Equation (3) can be expressed as a roots problem

3/2
,1+H /H 2 "
H, )=1.125 #B,\f - H7 -0,
f( h) 2+F[]1/F{w w g[3] h QW

Substituting parameters

1+H, /0.8
f(H,)= 1534405 LH,E’Z —~13
2+H,/08

First iteration:

x,=04 flx,) = 1706808275
X, + 0x,= 04000040 flx, + 0x,) = 1706855381

107°(0.4)1.706808275 04— 1.706808275

=0. = 0.255069
1.706855381—1.706808275 11.7767

x, =04-
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0.255069—0.4

x100% = 56.82%
0.255069

€ _‘

The computation can be continued as shown in the following table:

iteration H, f(H,) H, + 6H, f(H, + 0H,) f'(H,) &)
0 0.4 1.706808275 0.4000040 1.706855381 11.776700
1 0.255069 0.190689500 0.2550716 0.190712637 9.071067 56.82%
2 0.234047 0.004549614 0.2340497 0.004569827 8.635981 8.98%
3 0.233521 0.000002932 0.2335228 0.000023073 8.624897 0.23%

(b) The problem can be solved with a fixed-point or successive substitution approach. This is done by

rearranging it so that the last H, is brought to the left-hand side,

2/3

0,
3/2
,1+H /H 2
1125 |——4-—wp [o|Z
2+H,/H, w‘/§[3]

Substituting the values from this problem gives

Hh =

2/3

0.084723
1+H,/08
24H,/08

First iteration:

Hh =

2/3

| 0083 | e
14+0.4/0.8
2404/0.8
0.22871—-0.4

‘X 100% = 74.89%

€ :‘

0.255069

The computation can be continued as shown in the following table:
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i X; &

0 04

1 0.22871 74.89%
2 0.233679 2.13%
3 0.233515 0.07%

We can prove that the method will be convergent for all positive initial guesses by graphing the following

versus H,,
yl = H/z
2/3
0.084723
Yy =
1+H, /038
2+H, /0.8

As in the resulting plot, the second function is really flat, so not only is the method convergent, but it does

so rapidly.

0.5

04

0.2

0.1

(c) A script and function can be developed to use fzer o to solve this problem:

function f = fHh(Hh,Hw,Bw,Qw)
g=9.81;
f =1.125 * sqrt((1 + Hh / Hw) / (2 + Hh / Hw)) * ...
Bw * sqrt(g) * (2 / 3) ~ (3 / 2) * Hh ~ (3 / 2) - Qw;

Function:

clear,clc
Hw=0.8; Bw=8; Qw=1.3; Hh0=0.4;

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual
may be displayed. reproduced or distributed in any form or by any means. without the prior written permission of the
publisher, or used beyond the limited distribution to teachers and educators permitted by McGraw-Hill for their
individual course preparation. If you are a student using this Manual, you are using it without permission.



35

format Tlong
[x,fx] = fzero(@fHh,HhO,[],Hw,Bw,Qw)

Results:
X =
0.233520169358115

fx =
4.440892098500626e-16

6.32 Substitute parameters and express as a roots problem

B
S el

Consolidate terms

f(x)=

0.64x°

= 7x107
(1—x)1—2x)* .

f(x)

Fixed-point iteration

5 5102
| 7x107 0 —na-2x)
0.64

First iteration: guess x, = 0

L 71071 - 01— 2002 | ~[7x10 )y
b 0.64 B 0.64

0.2
] = 0.405307

The iterations can be continued

i Xi |&]

1 0

2 0.405307 100.00%
3 0.187751 115.87%
4 0.322058 41.70%
5 0.248054 29.83%
6 0.291042 14.77%
7 0.266897 9.05%
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0.280704 4.92%

0.272891 2.86%
10 0.277338 1.60%
11 0.274816 0.92%
12 0.276249 0.52%
13 0.275435 0.30%
14 0.275897 0.17%
15 0.275635 0.10%
16 0.275784 0.05%
17 0.275699 0.03%
18 0.275747 0.02%
19 0.27572 0.01%
20 0.275736 0.01%

Therefore, the result is 0.2757.

(b)

clear,clc

format compact
[x,fx]=fzero(@(x) (x/20)*(4*x/20)*4/((1-x)/20*((1-2*x)/20)*2)-

7e-3,0)

X=

fx =

-5.2042e-18

6.33 F(t)="T77¢ " +20e % —15
()= —1155¢""" —1.6¢ 0%

0.2757

First iteration:

f(6) =—2.61483
f'(6)=—1.00431

€a _‘

The solution can be continued for 3 additional iterations to give

¢ —2:61483
—1.00431

3.396385—6
3.396385

=3.396385

‘x 100% = 76.66%

36
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i t f) ' &l
0 6 —2.61483 —1.00431
1 3.396385 0.713495 —1.92732 76.66%
2 3.766585 0.067601 —1.59006 9.83%
3 3.8091 0.000625 —1.56094 1.12%
4 3.8095 | 5.34E—08 —1.56067 0.01%

Check by substitution:

c= 7767] .5(3.8095) + 2067().()8(3.8()95) —=15.00000012

Check with fzero:

clear,clc

format compact
[x,fx]=fzero(@(t) 77*exp(-1.5*t)+20*exp(-0.08*t)-15,0)

X =

fx
0

3.8095

6.34 First method:

g(x) = (5x+10)"%

g'(x) =1.25(5x +10)"*7"
2'(0)=1.25(5(0)+10) %" = 0.222285
¢'(1) =1.25(5(7)+10) %" = 0.071945

37

Because |g’(x)| < 1, it will always converge. This is also evident from the cobweb plot
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Second method:

x* =5x+10
4 —
gx)= x —10 =02x* -2
g'(x)=0.8x>
g'0)=0

g'(1H=0.8(7°)=274.4

Because |g’(x)| > 1, it will diverge.

10

%

6.35 For a circular pipe, Eq. (P6.35.2) can be solved for

_ 40

\%
7D?

This result can be substituted into Eq. (P6.35.1) and the result solved for

gD57T2
f= hL 5
8LQ

This result can be substituted into the Colebrook equation which can then be formulated as a roots problem

1 /D 2.51
f(D) = ———=+2log /——I-
gD57r2 3.7 ze I gD57r2
b 8Lp? L 8Lp?
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Script:

clear,clc

format compact

Q=0.3; hL=0.006; L=1; vw=1.16e-06;eps=0.4; eps=eps/le3;d0=1;
[D,fD] = fzero(@fpipeD,d0,[],Q,hL,L,vw,eps);

D*1e3,fD

Function:

function fd = fpipeD(d,Q,hL,L,vw,eps)

g=9.81; V=Q/(pi*dr2/4);

ed=eps/d; Re=V*d/vw;

f=d*hL*2*g/(L*V"2);
fd=2*10gl10(ed/3.7+2.51/Re/sqrt(f))+1/sqrt(f);

Results:

ans =
4.741778364172691e+02
fD =
-1.776356839400251e-15

Therefore, the inside diameter is 474.1778 mm. You would, therefore, pick the next larger standard

diameter pipe to achieve the prescribed behavior.

6.36

clear,clc

format compact

v=625;k=1.4;R=287;T=4;p=110; theta=2*pi/180;
c=sqrt(k*R*(T+273));M=v/c;

bp=[2:88];

fbp=fbeta(bp*pi/180,k,theta,M);

plot(bp, fbp),grid

beta=180/pi*fzero(@fbeta,[2 80]*pi/180,[],k,theta,M)
pa=p*(2*k/(k+1)*(M*sin(beta))}*2-(k-1)/(k+1}))

function fb = fbeta(beta,k,theta,M)
fb=(2./tan(beta).*(M~2*sin(beta).”2-
1))./(M~r2¥(k+cos(2*¥beta)+2))- tan(theta);
end

0.5

ok

05} /

L 1 I I . L 1 I
0 10 20 30 40 50 60 70 80 90
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beta =
35.1114
pa =
106.2911

6.37 First, we can substitute m = p,V into Eq. (P6.37) and collect terms to give

dV pf Cd
Rl | PR
dt g[ ]

This equation can then be integrated with the separation of variables,

| ——
g[l o

C
_Prl_ %,
py) m

The integrals can be evaluated as

ol1- 1| Ca,
py) m

c,/m

In

=t+C
where C = a constant of integration, which can be evaluated by applying the initial condition, v(0) = 0,

8 1=
Py

In
c;/m

C=-—

which can be substituted back into the solution

g l—p—f —C—dv g 1—p—f
Py) M _, Ps

c,lm c,/m

In In

This result can be rearranged algebraically to solve for v,

ps ](1 _ef(c(,/m)t)
Now, recognizing that v = dx/dt,
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& _mg 1_ﬁ (1—¢ (calmry
d ¢, P,

This equation can then be integrated with the separation of variables,

fa’x: mg[lﬁ](le(cd/m)t)dt

Ca Py

which yields
Py § Pr| e
ngl__f t+m2g 1;ie(cl,/m)t+c
Ca Py c; Py

Applying the initial condition, x(0) = 0, gives

2
p .

Cg:_f%g _r
¢y Py

Substituting and collecting terms yields

p.
x:% 1__f
Ca ps

2
f— ng [1 _p_fJ(l _ef(c‘,/m)l)

cy Py

It can be seen that the viscosity can be estimated by first solving for the root of

p 2 p —(C m
f(cd):% 1-2f tfm_zg 1= g gty
cd ps Cd ps

The viscosity can then be computed as

_ G
67r

MATLAB M-files can be used to determine the root, the viscosity, and check the Reynolds number:

clear;clc

format compact
rhof=1420;rhos=7850;r=0.02;L=0.5;t=3.6;g=9.81;
V=4/3*pi*r~3; m=rhos*V;
cd=fzero(@Sphere,12,[],rhof,rhos,m,L,t,g)
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mu=cd/(6*pi*r)
vmax=m*g/cd*(1l-rhof/rhos)
d=2*r;

Re=rhof*vmax*d/mu

function [fcd] = Sphere(cd,rhof,rhos,m,L,t,g)
fcd=m*g/cd*(1l-rhof/rhos)*t-m~r2*g/cd”2*(1-rhof/rhos)*(1-exp(-
cd/m*t))-L;

end

When the script is run, the result is

cd =
15.1457
mu =
40.1753
vmax =
0.1396
Re =
0.1973

6.38 Based on the free-body diagram, a vertical force balance at B can be written as
2Fsinf—W =0
Recognizing that sin 8 = d/L', this equation can be solved for

w—2r< (1)
LV

Because L' — L =FL/(A.E),

which can be substituted into Eq. (1) to give

W:2&E£;££_
- L L 1

which can be re-expressed as

2A Ed
o248, L

L
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Recognizing that L' =+/I1? +d?,

W_ZACEd ! L
L /L2+d2

Therefore, the problem reduces to finding the root of

24, Ed| L

NI+ &

The elongation can then be computed as

L—L=yI+d* L

MATLAB M-files can be used to determine the deflection and the elongation:

fld)= -W=0

clear;clc

format compact

L=45; W=9000; Ac=0.0006362; E=1.50E+11;
deflection=fzero(@Cable,3,[],W,L,Ac,E)
elongation=sqgrt(L”2+deflection”2)-L

function [fd] = Cable(d,W,L,Ac,E)
fd=2*Ac*E*d/L*(1-L/sqrt(Lr2+d*2))-W;
end

When the script is run, the result is

deflection =
2.0494

elongation =
0.0466

6.39

clear,clc

global g

format compact

g=9.81;

h =24, L =65, d= .1;
K= 0.5, nu = 1.2e-6; e
v=fzero(@ftank,1,[],h,L,
Q=v*pi*dr2/4
f=Colebrook(v,d,nu,e_d)

30; Lev_d = 8;

,Lev_d,K,nu,e_d)

! —_—

function ft = ftank(v,h,L,d,Lee_d,Lev_d,K,nu,e_d)
global g
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f = Colebrook(v,d,nu,e_d);
ft=g*h-v~r2/2-f*((L+h)/d+Lee_d+Lev_d)*vAr2/2-K*vAr2/2;
end

function f = Colebrook(v,d,nu,e_d)

global g

Re=v*d/nu;

ff=@(f) 1/sqrt(f)+2*10gl0(e_d/3.7+2.51/(Re*sqrt(f)));
f=fzero(ff,.05);

end

Vv =
3.9650

Q:
0.0311

f =
0.0307

6.40

clc

format Tong, format compact
rho=1.23;mu=1.79e-5;D=0.005;V=40,;e=0.0015/1000;
Re=rho*V*D/mu;

g=@(f,e,D) 1/sqrt(f)+2*10gl0(e/(3.7*D)+2.51/(Re*sqrt(f)));
f=fzero(@(x) g(x,e,D),0.08)

f=fzerosimp(@(x) g(x,e,D),0.008,0.08)

function b = fzerosimp(f,x1,xu,varargin)
a=x1; b= xu; fa = f(a,varargin{:}); fb = f(b,varargin{:});
c = a; fc = fa; d=b - c; e = d;
while (1)
if fb == 0, break, end
if sign(fa) == sign(fb) %If needed, rearrange points
a=c;, fa=fc;, d=b - c; e =d;
end
if abs(fa) < abs(fb)
c =b; b=a; a=c;
fc = fb; fb = fa; fa = fc;
end
m = 0.5*(a - b); %Termination test and possible exit
tol = 2 * eps * max(abs(b), 1);
if abs(m) <= tol | fb == 0.
break
end

%Choose open methods or bisection
if abs(e) >= tol & abs(fc) > abs(fb)

s = fb/fc;
if a == c %Secant method
p = 2*m*s;
q=1-s;
else %Inverse quadratic interpolation
q = fc/fa; r = fb/fa;
p=s* (2*m*q * (g - r) - (b - c)*(r - 1));
g=1(g - 1)*(r - 1)*(s - 1);
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end
if p >0, q= -q; else p = -p; end;
if 2*p < 3*m*q - abs(tol*qg) & p < abs(0.5*e*q)
e =d; d= p/q;
else
d =m; e = m;
end
else %Bisection
d =m;, e =m;
end
c =b; fc = fb;
if abs(d) > tol, b=b+d; else b=b-sign(b-a)*tol; end
fb = f(b,varargin{:});
end

Results:

.F
0.028967810171441
.F

0.028967810171441
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