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Numerical analysis
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 : 1المحاضرة الأولى

   الأخطاء

المعلومات الخارجة طرق الحساباتالمعلومات الداخلة 

1 Formulation Errors

𝐹 =
𝑑

𝑑𝑡
(𝑚𝑣), 𝑚

𝑚0

√1−(
𝑣

𝑐
)2

Fm

vcvc

𝐹 =
𝑑

𝑑𝑡
(𝑚0𝑣) 

2 Inherent Errors

𝜋, 𝑒, √2 

3 Rounding and Chopping

5000

49660.085470.28536
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0.0860.285

 

0.0850.285 

4 Truncation Error

 

𝑒𝑥 = 1 + 𝑥 +
𝑥2

2!
+

𝑥3

3!
+

𝑥4

4!
+. . . .. 

 

5 Accumulated Error

 

1Absolute Error

𝑒𝑥 = |𝑥 − 𝑥∗| 

2Relative Error

𝛿𝑥 =
𝑒𝑥

𝑥
 

𝑥𝑥∗



 ملزمة تحليل عددي  كلية التربية  -جامعة الموصل 
 

- 4 - 

.جد    0.0008هي عبارة عن قيمة تقريبية والقيمة المضبببببهية هي    0.0007لتكن   1

 الخطأ المطلق والخطأ النسبي.

Solution:- 

𝑒𝑥 = |𝑥 − 𝑥∗| = |0.0008 − 0.0007| = 0.0001 

𝛿𝑥 =
𝑒𝑥

𝑥
=

0.0001

0.0008
= 0.125 

𝑎𝑥2 + 𝑏𝑥 +

𝑐 = 0

x=input('x='); 

a=input('a='); 

b=input('b='); 

c=input('c='); 

𝒙𝟏 = (−𝒃 + 𝒔𝒒𝒓𝒕(𝒃^𝟐 − 𝟒 ∗ 𝒂 ∗ 𝒄)/(𝟐 ∗ 𝒂); 
𝒙𝟐 = (−𝒃 − 𝒔𝒒𝒓𝒕(𝒃^𝟐 − 𝟒 ∗ 𝒂 ∗ 𝒄))/(𝟐 ∗ 𝒂); 

𝒆𝒙𝟏
= 𝒂𝒃𝒔(𝒙𝟏 − 𝒙) 

𝒆𝒙𝟐
= 𝒂𝒃𝒔(𝒙𝟐 − 𝒙); 

𝒔𝒙𝟏
= 𝒆𝒙𝟏

/𝒙; 

𝜹𝒙𝟐
= 𝒆𝒙𝟐

/𝒙;

disp(ex1); 

disp(ex2); 

disp(sx1); 

disp(sx2); 
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2

 

Solution of non-linear Equation 

 

x

𝑥2 + 5𝑥 − 2 = 0

𝑥 𝑙𝑛( 𝑥) + 5 = 0

𝑓(𝑥) = 0                                                    (1) 

1𝑥∗𝑓(𝑥∗)
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1 

Bisection Method:- 

a,b

𝑓(𝑎). 𝑓(𝑏)⟨0

 

1 [𝑎, 𝑏]𝜀f [𝑎0, 𝑏0]

𝑓(𝑎0) × 𝑓(𝑏0) < 0

2 𝑤 =
𝑎𝑖+𝑏𝑖

2
 

3 𝑓(𝑎𝑖) × 𝑓(𝑤) = 0w

4 𝑓(𝑎𝑖) × 𝑓(𝑤) < 0𝑎𝑖+1 = 𝑎𝑖𝑏𝑖 + 1 = 𝑤

5 𝑓(𝑎𝑖) × 𝑓(𝑤)⟩0𝑎𝑖+1 = 𝑤𝑏𝑖 + 1 = 𝑏𝑖

[𝑎, 𝑏]

i

𝜀. |𝑏𝑖 − 𝑎𝑖| ≤ 𝜀

 

 
0

a w
0

b




i

a w
w

1i
b,

i
a

1i
a0

i
)w(f.)a(f =

+
=

+


i
b

1i
b,w

1i
a0

i
)w(f.)a(f =

+
=

+
 i

b

wi

a 

i
bwi

a  rootthew0)w(f.)
i

a(f =

i
b
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 بداية

 نهاية

 احسب 

 a,b,epsأدخل   
 

f(w)=

0 

f(a).f(w)<

0 

a=w b=w 

 

 نعم

 لا
 نعم

 لا

 نعم لا

 wأطبع الجذر 
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𝑓(𝑥) = xlnx-1[1,2]𝜀 = 0.05

: 

𝑓(1) = 1 𝑙𝑛( 1) − 1, (𝑙𝑛( 1) = 0) 
𝑓(2) = 2 𝑙𝑛( 2) − 1 = 0.386294361 
𝑓(1) × 𝑓(2) < 0 ⇒ −1 × 0.386294361 = −0.386294361 < 0 

𝑤0 =
𝑎0 + 𝑏0

2
=

1 + 2

2
= 1.5 

𝑓(𝑎0) × 𝑓(𝑤0) 
𝑓(1) = −1, 𝑓(1.5) = 𝑓(1.5) = 1.5 𝑙𝑛 1 . 5 − 1 = −0.391802337 
𝑓(1) × 𝑓(1.5) > 0 ⇒ 𝑓(𝑎0) × 𝑓(𝑤0) > 0 ⇒ −1 × −0.391802337 = 0.391802337 > 0 
𝑎𝑖+1 = 𝑤0, 𝑏𝑖+1 = 𝑏0, (𝑖 = 0) 
𝑎1 = 𝑤0 = 1.5, 𝑏1 = 𝑏0 = 2 
|𝑏1 − 𝑎1| = |2 − 1.5| = 0.5 > 𝜀 

:

𝑤1 =
𝑎1 + 𝑏1

2
=

1.5 + 2

2
= 1.75 

𝑓(𝑎1) × 𝑓(𝑤1) > 0 ⇒ 𝑓(1.5) = −0.391802337 
𝑓(1.75) = 1.75 𝑙𝑛 1 . 75 − 1 = −0.020672371 
𝑓(1.5) × (1.75) > 0 ⇒ (−0.391802337) × (−0.020672371) = 0.008099483 > 0 
𝑎𝑖+1 = 𝑤1, 𝑏𝑖+1 = 𝑏1, (𝑖 = 1) 
𝑎2 = 𝑤1 = 1.75, 𝑏2 = 𝑏1 = 2 
|𝑏2 − 𝑎2| = |2 − 1.75| = 0.25 > 𝜀 

𝑤2 =
𝑎2 + 𝑏2

2
=

1.75 + 2

2
= 1.875 

𝑓(1.75) = −0.020672371 
𝑓(1.875) = 0.178641236 
𝑓(1.75) × (1.875) < 0 

𝑎3 = 𝑎2 = 1.75, 𝑏3 = 𝑤2 
𝑎3 = 1.75, 𝑏3 = 1.875 
|𝑏3 − 𝑎3| = |1.875 − 1.75| = 0.125 > 𝜀 

 

: 

𝑤3 =
𝑎3 + 𝑏3

2
=

1.75 + 1.875

2
= 1.8125 

𝑓(1.75) = −0.020672371 
𝑓(1.8125) = 0.077906632 
𝑓(1.75) × 𝑓(1.8125) < 0 ⇒= −0.001610514 < 0 
|𝑏3 − 𝑎3| = |1.875 − 1.75| = 0.125 > 𝜀 
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⇐|𝑏𝑖 − 𝑎𝑖| ≤ 𝜀

 

𝑎8 = 𝑤7, 𝑏8 = 𝑏7 
𝑎8 = 1.76171875, 𝑏8 = 1.765625 

𝑤8 =
𝑎8 + 𝑏8

2
=

1.76171875 + 1.765625

2
= 1.763671875 

𝑓(𝑎8) × (𝑤8) = (−0.002356474) ⋅ (0.000703768) = −0.000001658 < 0 
|𝑏8 − 𝑎8| = |1.765625 − 1.76171875| = 0.00390625 < 𝜀 

|𝑏𝑖 − 𝑎𝑖| ≤ 𝜀
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3

2

Method of false Position:- 

 

𝑓(𝑥) = 0

𝑥1, 𝑥2𝑦 = 𝑓(𝑥)

x𝑥1, 𝑥2𝑦2 = 𝑓(𝑥2), 𝑦1 = 𝑓(𝑥1)

(𝑥1, 𝑦1)(𝑥2, 𝑦2)f[𝑥1, 𝑥2]

x𝑓(𝑥) = 0

1x
2x

4x
3x

),( 11 yxQ

),( 11 yxP

0
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𝑃(𝑥1, 𝑥2), 𝑄(𝑥1, 𝑥2)x𝑥3

 𝑄𝑃 =
𝑦−𝑦2

𝑥−𝑥2
=

𝑦2−𝑦1

𝑥2−𝑥1
 

𝑦 = 0 
0−𝑦2

𝑥−𝑥2
=

𝑦2−𝑦1

(𝑥2−𝑥1)
⇒ 𝑥 = 𝑥2 −

𝑦2(𝑥2−𝑥1)

(𝑦2−𝑦1)
     

x𝑥3𝑥3f

PQ

𝑦3 =

𝑓(𝑥3)𝑦1, 𝑦2𝑦1 − 𝑦2 < 0𝑥1, 𝑥3

𝑥2, 𝑥3

 

𝑥𝑖+1

= 𝑥𝑖 −
𝑦𝑖(𝑥𝑖 − 𝑥𝑖−1)

(𝑦𝑖 − 𝑦𝑖−1)
↓ 

 w 

𝑥𝑖+1 =
𝑥𝑖[𝑦𝑖 − 𝑦𝑖−1] − 𝑦𝑖(𝑥𝑖 − 𝑥𝑖−1)

𝑦𝑖 − 𝑦𝑖−1
=

𝑥𝑖𝑦𝑖 − 𝑥𝑖𝑦𝑖−1 − 𝑥𝑖𝑦𝑖 + 𝑥𝑖−1𝑦𝑖

𝑦𝑖 − 𝑦𝑖−1
 

𝑥𝑖+1 =
𝑥𝑖−1𝑦𝑖 − 𝑥𝑖𝑦𝑖−1

𝑦𝑖 − 𝑦𝑖−1

𝑦𝑖−1𝑦𝑖

𝜀
|𝑥𝑖+1 − 𝑥𝑖| ≤ 𝜀, 𝑖 = 2,3, . . . . . . . .. 

1𝑎, 𝑏, 𝜀 

2𝑓(𝑎), 𝑓(𝑏) 

3𝑤𝑖 =
𝑎𝑖𝑓(𝑏𝑖)−𝑏𝑖𝑓(𝑎𝑖)

𝑓(𝑏𝑖)−𝑓(𝑎𝑖)
, (𝑖 = 0) 

3
x

 
2

x
1

x
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4𝑓(𝑤𝑖) × 𝑓(𝑎𝑖) = 0 ⇐ 𝑓(𝑤)

5𝑏𝑖+1 = 𝑏𝑖 , 𝑎𝑖+1 = 𝑤𝑖 ⇐ 𝑓(𝑎𝑖) × 𝑓(𝑤𝑖) > 0

6𝑏𝑖+1 = 𝑤𝑖 , 𝑎𝑖+1 = 𝑎𝑖 ⇐ 𝑓(𝑎𝑖) × 𝑓(𝑤𝑖) < 0

7|𝑤𝑖+1 − 𝑤𝑖| ≤ 𝜀

 بداية

 نهاية

 احسب 

 a,b,epsأدخل   
 

f(w)=

0 

f(a).f(w)<

0 

a=w b=w 

 

 نعم

 لا

 لا

 نعم لا

 احسب 

W1=0 

w1=w 

 wأطبع الجذر 

المخطط الانسيابي 

لطريقة الموقع 

 الكاذب

 نعم 
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1𝑥lnx-1 = 0

. 𝜀 = 0.0001, [1,2] 

𝑤0 =
𝑎0𝑓(𝑏0) − 𝑏0𝑓(𝑎0)

𝑓(𝑏0) − 𝑓(𝑎0)
=

(1)(0.3862) − (2)(−1)

0.3862 + 1
=

2.3862

1.3862
= 1.7213 

𝑤0 = 1.7213 
𝑓(𝑎0) × 𝑓(𝑤) ⇒ 𝑓(𝑎0) = −1, 𝑓(𝑤) = −0.0651 
𝑓(𝑎0) × 𝑓(𝑤) > 0 
𝑎𝑖+1 = 𝑎0+1 = 𝑎1 = 𝑤0 = 1.7213 
𝑏𝑖+1 = 𝑏0+1 = 𝑏1 = 𝑏0 = 2 
𝑤0 = 1.7213, 𝑏0 = 2 
|𝑤0 − 𝑤| = |1.7213| = 1.7213 > 𝜀(𝑤 = 0)

𝑤1 =
1.7213𝑓(2) − 2𝑓(1.7213)

𝑓(2) − 𝑓(1.7213)
 

𝑓(2) = 0.3862, 𝑓(1.7213) = −0.0651 

𝑤1 =
0.6647 + 0.1302

0.3862 + 0.0651
=

0.7949

0.4513
= 1.7613 

𝑓(𝑎1) × 𝑓(𝑤1) 
𝑓(1.7213) × 𝑓(1.7613) = −0.0651 × −0.0030 = 0.00019 > 0 
|𝑤1 − 𝑤0| = |1.7613 − 1.7213| = 0.04 > 𝜀 

𝑏2 = 2, 𝑎2 = 1.7613 

𝑤2 =
𝑎2𝑓(𝑏2) − 𝑏2𝑓(𝑎2)

𝑓(𝑏2) − 𝑓(𝑎2)
=

1.7613𝑓(2) − 2𝑓(1.7613)

𝑓(2) − 𝑓(1.7613)
 

𝑓(2) = 2 𝑙𝑛 2 − 1 = 0.3862 
𝑓(1.7213) = 1.7613 𝑙𝑛 1 . 7613 − 1 = −0.003 

 

𝑤2 =
1.7613 × 0.3862 − 2 × 0.0030

0.3862 + 0.0030
=

0.6802 + 0.006

0.3892
=

0.6862

0.3892
= 17631 

𝑓(𝑎2) × 𝑓(𝑤2) ⇒ 𝑓(1.7613) × 𝑓(1.7631) = −0.0030 × −0.0001 > 0 
𝑎3 = 1.7631, 𝑏3 = 2 
|𝑤2 − 𝑤1| = |1.7631 − 1.7613| = 0.0018 > 𝜀 
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𝑤3 =
1.7631𝑓(2) − 2𝑓(1.7631)

𝑓(2) − 𝑓(1.7631)
 

𝑓(1.7631) = −0.0001, 𝑓(2) = 0.3862 

𝑤3 =
1.7631 × 0.3862 + 2 × 0.0001

0.3862 + 0.0001
=

0.6811

0.3862
= 1.7631 

𝑓(𝑎3) × 𝑓(𝑤3) ⇒ 𝑓(1.7631) ÷ 𝑓(1.7631) = −0.0001 × −0.0001 > 0 
𝑎4 = 1.7631, 𝑏4 = 2 
|𝑤3 − 𝑤2| = |1.7631 − 1.7631| = 0 

∴⇐ 0 < 𝜀 ∵. 
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4

3 

Secant Method:-

𝑓(𝑥) = 0

𝑥1, 𝑥2

(𝑥2, 𝑓(𝑥2)), (𝑥1, 𝑓(𝑥1))  𝑥3

x𝑥4

(𝑥3, 𝑓(𝑥3)), (𝑥2, 𝑓(𝑥2))x(𝑥𝑛)

𝑥𝑛+2 = 𝑥𝑛+1 −
𝑓(𝑥𝑛+1)(𝑥𝑛+1 − 𝑥𝑛)

𝑓(𝑥𝑛+1) − 𝑓(𝑥𝑛)
 

𝑥1, 𝑥2

(𝑥2, 𝑓(𝑥2)), (𝑥1, 𝑓(𝑥1)) 

f(𝑥𝑛)

 

1𝑥0, 𝑥1, 𝜀 

2𝑓(𝑥0)

3𝑓(𝑥1)

4𝑥2 =
𝑥0𝑓(𝑥1)−𝑥1𝑓(𝑥0)

𝑓(𝑥1)−𝑓(𝑥0)

5|𝑥2 − 𝑥1| ≤ 𝜀

6⇐ 𝑓0 = 𝑓1, 𝑥1 = 𝑥2, 𝑥0 = 𝑥13 
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 بداية

 نهاية

احسب 

 

 x0 ,x1 ,epsأدخل   
 

x1=x2 ,x0=x1  

 لا

 نعم

 احسب 

 x2أطبع الجذر 

 المخطط الانسيابي لطريقة القاطع
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1𝑥lnx-1. 𝜀 =

0.005, [1,2]

𝑓(𝑥0) = 𝑓(1) = 1 𝑙𝑛 1 − 1 = −1 
𝑓(𝑥1) = 𝑓(2) = 2 𝑙𝑛 2 − 1 = 0.3862

𝑥2 =
1𝑓(2) − 2𝑓(1)

𝑓(2) − 𝑓(1)
=

1 × 0.3862 − 2 × (−1)

0.3862 + 1
=

2.3862

1.3862
= 1.7213 

|𝑥2 − 𝑥1| = |1.7213 − 2| = |−0.2787| = 0.2787 > 𝜀

 

𝑓(𝑥1) = 2 𝑙𝑛 2 − 1 = 0.3862 
𝑓(𝑥2) = 1.7213 𝑙𝑛 1 . 7213 − 1 = −0.0651

𝑥3 =
𝑥1𝑓(𝑥2) − 𝑥2𝑓(𝑥1)

𝑓(𝑥2) − 𝑓(𝑥1)
=

2 × −0.0651 − 1.7213 × 0.3862

−0.0651 − 0.3862
=

−0.7949

−0.4513
= 1.7613 

|𝑥3 − 𝑥2| = |1.7613 − 1.7213| = 0.04 > 𝜀 

𝑓(𝑥2) = 1.7213 𝑙𝑛 1 . 7213 − 1 = −0.0651 
𝑓(𝑥3) = 1.7613 𝑙𝑛 1 . 7613 − 1 = −0.003

𝑥4 =
1.7213𝑓(1.7613) − 1.7613𝑓(1.7213)

𝑓(1.7613) − 𝑓(1.7213)
 

𝑥4 =
1.7213 × −0.0030 + 1.7613 × 0.0651

−0.0030 + 0.0651
 

𝑥4 =
−0.0051 + 0.1146

0.0621
=

0.1197

0.0621
⇒ 𝑥3 = 1.7642

|𝑥4 − 𝑥3| = |1.7642 − 1.7613| = 0.0029 > 𝜀

𝑓(𝑥3) = 1.7613 𝑙𝑛 1 . 7613 − 1 = −0.0030 
𝑓(𝑥4) = 1.9275 𝑙𝑛 1 . 9275 − 1 = +0.2648 

𝑥5 =
𝑥3𝑓(𝑥4) − 𝑥4𝑓(𝑥3)

𝑓(𝑥4) − 𝑓(𝑥3)
=

1.7213 × 0.2648 + 1.9275 × 0.0030

0.2648 + 0.0030
 

=
0.4558 + 0.00578

0.2678
=

0.46158

0.2678
⇒ 𝑥5 = 1.72359 

|𝑥5 − 𝑥4| = |1.72359 − 1.7613| = 0.003771 < 𝜀 

∴
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5

4

Newton-Raphso Method: 

𝑥 = 𝑥0𝑓(𝑥) = 0𝑓(𝑥0) ≠ 0

𝑓(𝑥0)

𝑥0 ∴𝑥0 + ℎ𝑥 = 𝑥0 +

ℎ ⇐ 𝑥 − 𝑥0 = ℎh 

𝑓(𝑥0 + ℎ) = 𝑓(𝑥0) + ℎ𝑓 ′(𝑥0) +
ℎ

2

2
𝑓″(𝑥0)+. . . . . . . . . . . . = 0

ℎ ∵ℎ2(ℎ > ℎ
2 >3)ℎ

𝑓(𝑥0 + ℎ)_̃𝑓(𝑥0) + ℎ𝑓 ′(𝑥0) = 0 
𝑓(𝑥0) + ℎ𝑓 ′(𝑥0) = 0

ℎ = −
𝑓(𝑥0)

𝑓 ′(𝑥0)
, 𝑓 ′(𝑥0) ≠ 0 

𝑥 − 𝑥0 = −
𝑓(𝑥0)

𝑓 ′(𝑥0)
⇒ 𝑥 = 𝑥0 −

𝑓(𝑥0)

𝑓 ′(𝑥0)
 

𝑥 = 𝑥𝑖−1, 𝑥0 = 𝑥𝑖

𝑥𝑖+1 = 𝑥𝑖 −
𝑓(𝑥𝑖)

𝑓 ′(𝑥𝑖)
 

|𝑥𝑖+1 − 𝑥𝑖|

1𝑥0𝜀

2i = 0𝑥1 𝑥𝑖+1 = 𝑥𝑖 −
𝑓(𝑥𝑖)

𝑓′(𝑥𝑖)

3|𝑥𝑖+1 − 𝑥𝑖| ≤ 𝜀

4|𝑥𝑖+1 − 𝑥𝑖| > 𝜀2
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1𝑓(𝑥) = 𝑥2 + 2.1𝑥 − 1

𝑥0 = 0.5, 𝜀 = 0.0035

𝑥𝑖+1 = 𝑥𝑖 −
𝑓(𝑥𝑖)

𝑓 ′(𝑥𝑖)
 

𝑓(𝑥0) = 𝑓(0.5) = (0.5)2 + 2.1(0.5) − 1 = 0.3 

𝑓 ′(𝑥0) = 𝑓 ′(0.5) = 2(0.5) + 2.1 = 3.1 

𝑥1 = 0.5 −
0.3

3.1
= 0.4032 

|𝑥1 − 𝑥0| = |0.4032 − 0.5| = 0.0968 > 𝜀 

 

𝑓(𝑥1) = 𝑓(0.4032) = 0.0092 
𝑓 ′(𝑥1) = 𝑓 ′(0.4032) = 2.9064 

𝑥2 = 0.4032 −
0.0092

2.9064
⇒ 𝑥2 = 0.40003 

|𝑥2 − 𝑥1| = |0.40003 − 0.4032| = 0.0031 < 𝜀 

|𝑥2 − 𝑥1|𝜀

2𝑥2 − 4 𝑠𝑖𝑛 𝑥 = 03

 sin3=0.1411 

 

cos3= –0.9900 

 

𝜀 = 0.001 

 

𝑥1 = 𝑥0 −
𝑓(𝑥0)

𝑓 ′(𝑥0)
 

𝑓(𝑥0) = 𝑥2 − 4 𝑠𝑖𝑛 𝑥 ⇒ 𝑓(3) = (3)2 − 4 𝑠𝑖𝑛 3 = 8.4355 
𝑓 ′(𝑥0) = 2(𝑥) − 4 𝑐𝑜𝑠 𝑥 ⇒ 𝑓 ′(𝑥) = 2(3) − 4 𝑐𝑜𝑠 3 = 9.9600 

𝑥1 = 3 −
8.4355

9.9600
⇒ 𝑥1 = 2.1531 

|𝑥1 − 𝑥0| = |2.1531 − 3| = 0.8469 > 𝜀 

𝑥2 = 𝑥1 −
𝑓(𝑥1)

𝑓 ′(𝑥1)
 

𝑓(𝑥1) = 𝑥2 − 4 𝑠𝑖𝑛 𝑥 ⇒ 𝑓(2.1531) = (2.1531)2 − 4 𝑠𝑖𝑛( 2.1531) = 1.2950 
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𝑓 ′(𝑥1) = 2𝑥 − 4 𝑐𝑜𝑠 𝑥 ⇒ 𝑓 ′(2.1531) = 2(2.1531) − 4 𝑐𝑜𝑠( 2.1531) = 6.5060 

𝑥2 = 2.1531 −
1.2950

6.5060
⇒ 𝑥2 = 2.1531 − 0.1990 = 1.9541 

|𝑥2 − 𝑥1| = |1.9541 − 2.1531| = 0.1990 > 𝜀

𝑥3 = 𝑥2 −
𝑓(𝑥2)

𝑓′(𝑥2)
 

𝑓(𝑥2) = 𝑥2 − 4 𝑠𝑖𝑛 𝑥 ⇒ 𝑓(1.9541) = 0.1082
𝑓 ′(𝑥2) = 2𝑥 − 4 𝑐𝑜𝑠 𝑥 ⇒ 𝑓(1.9541) = 5.4041 

𝑥3 = 1.9541 −
0.1082

5.4041
= 1.9340 

|𝑥3 − 𝑥2| = |1.9541 − 1.9340| = 0.0201 > 𝜀 

:

𝑥4 = 𝑥3 −
𝑓(𝑥3)

𝑓′(𝑥3)
   

⇒ 𝑥4 = 1.9340 − 5.2891 ⇒ 𝑥4 = 1.9338 
|𝑥4 − 𝑥3| = |1.9338 − 1.9340| = 0.0002 < 𝜀 

|𝑥4 − 𝑥3|𝜀


