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• Many problems in engineering and science require the 
solution of nonlinear equations. Several examples of 
such problems drawn from the field of chemical 
engineering and from other application areas are 
discussed in this section.



• The solution of nonlinier equations to find x for a function x, f(x) = 0.

• Example, f(x) = e-x – x, 
how much x for f(x) = 0.



Solution of nonlinier equations

The two major classes of methods available are distinguished by the 
type of initial guess. 
They are
• Bracketing methods. As the name implies, these are based on two 

initial guesses that bracket the root.
• Open methods. These methods can involve one or more initial 

guesses, but there is no need for them to bracket the root.
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Graphical method
• A simple method for obtaining an estimate of the root 

of the equation f (x) = 0 is to make a plot of the 
function and observe where it crosses the x axis.

• This point, which represents the x value for which f (x) 
= 0, provides a rough approximation of the root.



• Use the graphical approach to determine the mass of the 
bungee jumper with a drag coefficient of 0.25 kg/m to 
have a velocity of 36 m/s after 4 s of free fall. Note: The 
acceleration of gravity is 9.81 m/s2.
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Bisection Method

• The bisection method is a variation of the incremental 
search method in which the interval is always divided 
in half. 

• If a function changes sign over an interval, the 
function value at the midpoint is evaluated. 

• The location of the root is then determined as lying 
within the subinterval where the sign change occurs. 

• The subinterval then becomes the interval for the next 
iteration. The process is repeated until the root is 
known to the required precision.



• A graphical depiction of the method is provided in this Fig. 



Step by step for solution
1. Determine initial value xA dan xB

2. Find f(xA) dan f(xB)
3. The interval is correct if f(xA) & f(xB) different sign 

check [f(xA)]x[f(xB)] < 0. 
If not, repeat (1) & (2).

 

xA xB 

Akar persamaan 



4. Find xM (middle point)

5. Find f(xM)
a) If [f(xA)]x[f(xM)] > 0, then xA new = xM & xB = xB

b) If [f(xA)]x[f(xM)] < 0, then xA = xA & xB new = xM

XB new = XM

XA new 
= XM



6. Check f(xm) < Tolerance. If not, repeat (4) for new  xm .
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NEWTON-RAHPSON METHOD

• Newton-Raphson Method is one of the most powerful and well-known
numerical methods for solving a root-finding problem.

• If the initial guess at the root is xi , a tangent can be extended from the point [xi , 
f (xi )]. The point where this tangent crosses the x axis usually represents an 
improved estimate of the root.



Slope for xi is derivatif function f(x)



Step by step solution
1. Determine the initial guess xi

2. Find f(xi) & f’(xi)
3. Calculate xi+1 with equation
4. Check | xi+1 - xi | < tolerance atau

| f(xi) | < tolerance,
If yes, then finished. 
If not, xi new= xi+1, repeat form step (2)







If f’(x) is difficult with analysis method, we can use the numerical method

with ε is very small value.
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fzero function

• The fzero function is designed to find the real root of a 
single equation. A simple representation of its syntax is :

x  = fzero(‘function’,xo)

where function is the name of the function being
evaluated, and xo is the initial guess.



Example
x3 – 10x2 + 29x – 20 = 0

find x with x0 = 7



Example 1
x3 – 10x2 + 29x – 20 = 0

find x with x0 = 7

function y=f1(x)
y=x^3-10*x^2+29*x-20

%Main Program
x0=7
Akar=fzero('f1',x0)



Example 2

• Here is a simpleMATLAB session that solves for the root of a simple 
quadratic: 

x2 − 9 = 0.

Try for x0 = 4 and x0 = -4



Example 3

Find x for around x0 = 0 this equation:

x3 + x2 – 3x - 3 = 0



Example 4

Find x with x0 = 0.5 for

ex – 3x = 0 



Example

Hubungan faktor friksi untuk aliran suatu pelarut 
dengan bilangan Reynolds (Re) secara empiris 
adalah

dengan k = konsentrasi larutan dan f adalah faktor
friksi. Tentukanlah f, jika Re = 3750 dan k=0,28
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lanjutan

function f_f = friksi(f)

Re = 3750;

k = 0.28;

f_f = ((1/k)*log(Re*sqrt(f))+ (14-
5.6/k))*sqrt(f)-1;



Example
Untuk menghitung volum CO2 pada tekanan 1.104

kPa dan temperatur 3400K, dapat digunakan
persamaan EOS (equation of state) Peng-Robinson

dengan a = 364,61 m6kPa/(kgmol)2 dan b = 0,02664
m3/kgmol R=8,3137 m3kPa/kgmol K. Tentukanlah
V dengan tebakan awal V, gunakan EOS gas ideal
(PV=RT)
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Example 7

Hubungan faktor kompresibilitas gas ideal dalam 
bentuk

dengan y adalah koreksi dibagi volum molar. Jika z = 
0,892 berapakah y ?
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Example 8

• Uap air didisosiasikan (dipecah) menjadi H2 dan O2 
pada tekanan 0,2 atm sebagai berikut:

H2O  H2 + ½ O2

• Fraksi molekul (x) dari H2O dapat dinyatakan sebagai
berikut:

• Jika kp = 0,4568 tentukanlah x yang memenuhi
persamaan di atas.

   x2

p2

x1

x
k p 





Tentukan temperatur dew point (Titik Embun) dan komposisi
liquid dari suatu campuran gas benzena dan toluena pada
tekanan 1 atm (760 mmHg). Komposisi uap adalah 0,77 fraksi
mol benzena dan 0,23 fraksi mol toluena.

Benzena Toluena
A 6,89745 6,95334
B 1206,35 1343,94
C 220,237 219,377

Campuran gas dan liquid diasumsikan sebagai campuran ideal.
Kondisi kesetimbangan sesuai dengan Hukum Roult-Dalton,
yiP=xiPi

O Tekanan uap murni dihitung dengan persamaan
untuk pO dalam mmHg dan T dalam OC

log 𝑃 = 𝐴 − 
𝐵

𝐶 + 𝑇



Example 10
Sebuah tangki berbentuk bola sedang dirancang. Volume cairan 
dapat dihitung dg persamaan :

Dg 
V = volume (m3), h = kedalaman air dalam tangki (m), dan R = jari –
jari tangki. Jika R adalah 3 meter, berapakah h agar volume tangki 
menjadi 30 m3. 

Ans h = 2,0269



Example 11
Persamaan berikut digunakan untuk saluran rektangular 
terbuka :

Dengan Q = aliran (m3/detik), S = slope (m/m), H = 
kedalaman (m), dan n adalah koefisien kekasarana. 
Tentukan H jika diberikan Q = 5, S = 0,0002, B = 20, dan 
n = 0,03.

Ans H = 0.7023









vhit = 227.6735
Qhit =   2.8610e+03






