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NUMERICAL METHODS 

1. Lagrange’s Interpolation: 

                       𝑌 =  𝑓(𝑥)  = 
(𝑥 − 𝑥1)(𝑥 − 𝑥2)(𝑥 − 𝑥3)

(𝑥0− 𝑥1)(𝑥0− 𝑥2)(𝑥0− 𝑥3)
𝑦0 + 

(𝑥− 𝑥0)(𝑥− 𝑥2)(𝑥− 𝑥3)

(𝑥1− 𝑥0)(𝑥1− 𝑥2)(𝑥1− 𝑥3)
𝑦1 +

                                                 
(𝑥 − 𝑥0)(𝑥 − 𝑥1)(𝑥 − 𝑥3)

(𝑥2− 𝑥0)(𝑥2− 𝑥1)(𝑥2− 𝑥3)
𝑦2 +  

(𝑥− 𝑥0)(𝑥− 𝑥1)(𝑥− 𝑥2)

(𝑥3− 𝑥0)(𝑥3− 𝑥1)(𝑥3− 𝑥2)
𝑦3 

 

2. Lagrange’s Inverse Interpolation: 

X = 
(𝑦 − 𝑦1)(𝑦 − 𝑦2)…..(𝑦 − 𝑦𝑛)

(𝑦0− 𝑦1)(𝑦0− 𝑦2)…..(𝑦0− 𝑦𝑛)
𝑥0 +  

(𝑦− 𝑦0)(𝑦− 𝑦2)…(𝑦− 𝑦𝑛)

(𝑦1− 𝑦0)(𝑦1− 𝑦2)…(𝑦1− 𝑦𝑛)
𝑥1 + ⋯ +

       
(𝑦 − 𝑦0)(𝑦 − 𝑦1)(𝑦 − 𝑦𝑛−1)

(𝑦𝑛− 𝑦0)(𝑦𝑛− 𝑦1)(𝑦𝑛− 𝑦𝑛−1)
𝑥𝑛 

 

3. Newton’s Divided Difference Interpolations: 

𝑓(𝑥) =  𝑓(𝑥0) + (𝑥 −  𝑥0) 𝑓(𝑥0, 𝑥1) + (𝑥 −  𝑥0)(𝑥 −  𝑥1)𝑓(𝑥0, 𝑥1, 𝑥2) + ⋯

+ (𝑥 −  𝑥0)(𝑥 −  𝑥1) … (𝑥 −  𝑥𝑛−1) 𝑓(𝑥0, 𝑥1, … 𝑥𝑛)  

 

4. Newton’s forward interpolation formula 

𝑃𝑛(𝑥) =  𝑃𝑛 (𝑥0 + 𝑢ℎ) =  𝐸𝑢𝑃𝑛(𝑥0) =  𝐸𝑢𝑦0 

      = (1 + 𝛥)𝑢𝑦0 

= 𝑦0 +
𝑢

1!
∆𝑦0 +

𝑢(𝑢 − 1)

2!
∆2𝑦0 +

𝑢(𝑢 − 1)(𝑢 − 2)

3!
∆3𝑦0 + ⋯ 

  Where 𝑢 =
𝑥−𝑥0

ℎ
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5. Newton’s backward difference formula 

𝑃𝑛(𝑥) =  𝑃𝑛 (𝑥𝑛 + 𝑣ℎ) =  𝐸𝑣𝑃𝑛(𝑥𝑛) 

    = (1 − ∇)−𝑣𝑦𝑛  Since 𝐸 = (1 − ∇)−1 

    = [1 + 𝑣∇ +
𝑣(𝑣+1)

2!
∇2 +

𝑣(𝑣+1)(𝑣+2)

3!
∇3 + ⋯ ]𝑦𝑛 

    = 𝑦𝑛 + 𝑣∇𝑦𝑛 +
𝑣(𝑣+1)

2!
∇2𝑦𝑛 +

𝑣(𝑣+1)(𝑣+2)

3!
∇3𝑦𝑛 + ⋯ 

    Where 𝑣 =
𝑥−𝑥𝑛

𝑛
 

 

6. Newton’s Backward Difference Formula for the first and Second Order 

Derivatives:  

𝑦(𝑥) = 𝑦𝑛 +
𝑣

1!
∇𝑦𝑛 +

𝑣(𝑣 + 1)

2!
∇2𝑦𝑛 +

𝑣(𝑣 + 1)(𝑣 + 2)

3!
∇3𝑦𝑛

+
𝑣(𝑣 + 1)(𝑣 + 2)(𝑣 + 3)

4!
∇4𝑦𝑛 

          Where 𝑣 =
𝑥−𝑥𝑛

ℎ
 

    Here, 𝑥 = 𝑥𝑛 

    𝑦(𝑥) = 𝑦𝑛 

    𝑦′(𝑥) = 𝑦𝑛
′ = lim

ℎ→0

𝑦(𝑥+ℎ)−𝑦(𝑥)

ℎ
 

    𝑦′′(𝑥) = 𝑦𝑛
′′ 
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7. Newton’s Backward Difference Formula for the First and Second Order 

Derivatives: 

(
𝑑𝑦

𝑑𝑥
)

𝑥=𝑥𝑛

=
1

ℎ
[∇𝑦𝑛 +

1

2
∇2𝑦𝑛 +

1

3
∇3𝑦𝑛 + ⋯ ] 

 

(
𝑑2𝑦

𝑑𝑥2
)𝑥=𝑥𝑛

=
1

ℎ2
[∇2𝑦𝑛 + ∇3𝑦𝑛 +

11

12
∇4𝑦𝑛 + ⋯ ] 

    

(
𝑑2𝑦

𝑑𝑥2
)𝑥=𝑥𝑛

=
1

ℎ3
[∇3𝑦𝑛 +

3

2
∇4𝑦𝑛 + ⋯ ] 

 

8. Numerical Single Integration By: 

Trapezoidal Rule: 

  ∫ 𝑓(𝑥)𝑑𝑥 =
ℎ

2

𝑥0+𝑛ℎ

𝑥0
[(𝑦0 + 𝑦1) + (𝑦1 + 𝑦2) + ⋯ + (𝑦𝑛−1 + 𝑦𝑛)] 

=
ℎ

2
[(𝑦0 + 𝑦𝑛) + 2(𝑦1 + 𝑦2 + ⋯ + 𝑦𝑛−1)] 

9. Simpson’s 1
3𝑟𝑑⁄  Rule: 

∫ 𝑓(𝑥)𝑑𝑥 =
ℎ

3

𝑥0+𝑛ℎ

𝑥0

[(𝑦0 + 4𝑦1 + 𝑦2) + (𝑦2 + 4𝑦3 + 𝑦4) + ⋯

+ (𝑦𝑛−2 + 4𝑦𝑛−1 + 𝑦𝑛)] 

=  
ℎ

3
[(𝑦0 + 𝑦𝑛) + 4(𝑦1 + 𝑦3 + ⋯ + 𝑦𝑛−1)

+ 2(𝑦2 + 𝑦4 + ⋯ + 𝑦𝑛−2) 

 

http://www.allabtengg.com/


Diploma, Anna Univ UG & PG Courses 
                            Notes Available @ 

                                  Syllabus 

                                  Question Papers www.AllAbtEngg.com  
                                  Results and Many more… 

   

Credits  

POPULAR MATHS ACADEMY, NAGERCOIL 

Available in /AllAbtEngg Android App too,                                                                    9443859258 

 

10. Simpson’s Three-Eight Rule: 

                              ∫ 𝑓(𝑥)𝑑𝑥 =
3ℎ

8

𝑥0+𝑛ℎ

𝑥0

[𝑦0 + 3𝑦1 + 3𝑦2 + 𝑦3) + (𝑦3 + 3𝑦4 + 3𝑦5 + 𝑦6) + ⋯

+ (𝑦𝑛−3 + 3𝑦𝑛−2 + 3𝑦𝑛−1 + 𝑦𝑛)] 

            =
3ℎ

8
[(𝑦0 + 𝑦𝑛) + 3(𝑦1 + 𝑦2 + 𝑦4 + 𝑦5 + ⋯ + 𝑦𝑛−1) +

                                             2(𝑦3 + 𝑦6 + ⋯ + 𝑦𝑛−3)] 

11. Numerical Double Integrals: 

Trapezoidal Rule for Double Integration: 

  𝐼 = ∫
ℎ

2

𝑦𝑗+1

𝑦𝑗
[𝑓(𝑥𝑖,𝑦) + 𝑓(𝑥𝑖+1, 𝑦)]𝑑𝑦 

    =
ℎ

2
[∫ 𝑓(𝑥𝑖

𝑦𝑗+1

𝑦𝑗
, 𝑦) 𝑑𝑦 + ∫ 𝑓(𝑥𝑖+1

𝑦𝑗+1

𝑦𝑗
, 𝑦)𝑑𝑦] 

 

12. Extension to General form of trapezoidal Rule: 

 |  A(a,d) || (2)  || (2)    |   B(b,d) 

                                              G                           H 

  

                 (2) || F                              I 

                                          

                (2) || E                        J 

 

                      D  (a,c)                                  L                             K                         C (b,c) 

                          |                                    ||   (2)                    || (2)                       | 

 

 
  

N 

 

2 × 2 = 4        O 

 

2 × 2 = 4 

 

                            M 2 × 2 = 4         P 

 

2 × 2 = 4 
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𝐼 =  ∫ ∫ 𝑓(𝑥, 𝑦)𝑑𝑥 𝑑𝑦

𝑏

𝑎

𝑑

𝑐

 

= (
ℎ

2
) (

ℎ

2
) [(𝐴 + 𝐵 + 𝐶 + 𝐷)

+ 2(𝐸 + 𝐹 + 𝐺 + 𝐻 + 𝐼 + 𝑗 + 𝐾 + 𝐿)

+ 4(𝑀 + 𝑁 + 𝑂 + 𝑃)] 

    𝐼 =
ℎ𝑘

4
[(𝑠𝑢𝑚 𝑜𝑓 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑓𝑜𝑢𝑟 𝑐𝑜𝑟𝑛𝑒𝑟𝑠) +

                                                                   2(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑛𝑜𝑑𝑒𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦) +

                                                                    4(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑛𝑜𝑑𝑒𝑠)] 

13. Simpson’s Rule for Double Integration: 

          (Xi+1, Yj+2) 
                                                                               (Xi+2, Yj+2) 
(Xi, Yj+2)       

 

(Xi, Yj+1)       (Xi+2, Yj+1) 

 

 

 

 

 

      (Xi, Yj)  (Xi+2, Yj) 

                                                                                (Xi+1, Yj) 
 

                    𝐼 =
ℎ𝑘

9
[(𝑓𝑖,𝑗   + 𝑓𝑖,𝑗+2 + 𝑓𝑖+2,𝑗 + 𝑓𝑖+2,𝑗+2)

+ 4(𝑓𝑖,𝑗+1 + 𝑓𝑖+1,𝑗 + 𝑓𝑖+1,𝑗+2 + 𝑓𝑖+2,𝑗+1) + 16𝑓𝑖+1,𝑗+1] 

                                                          𝐼 =
ℎ𝑘

9
[(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 4 𝑐𝑜𝑟𝑛𝑒𝑟𝑠) +

                                                                 4 (𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑛𝑜𝑑𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦) +

                                                                 16 (𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑟𝑎𝑙 𝑝𝑜𝑖𝑛𝑡)] 

 
 
 
 
 
 

        (Xi+1, Yj+1)   
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14. Extension to General form of Simpson’s Rule: 

|                           4                || (2)                 4                   | 

A (a,d)                H                  I                 J                  B (b,d) 

 

 

          

                 4  G K  4 

 

 

 

 

  (2)   ||  F    L  || 

 

 

 

 

     

                     4   E   M   4 

 

 

 

 

   D (a,c) 
            4               O  || (2)             N   4              C (b,c) 

        𝐼 =
 ℎ𝑘

9
[(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟 𝑐𝑜𝑟𝑛𝑒𝑟𝑠)       +

                   2(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑜𝑑𝑑 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑢𝑛𝑑𝑎𝑟𝑦 𝑒𝑥𝑐𝑒𝑝𝑡 𝑡ℎ𝑒  𝑐𝑜𝑟𝑛𝑒𝑟𝑠) +

                   4(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑣𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦) +

                   {4(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑜𝑑𝑑 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠) +

                  8(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓𝑎𝑡 𝑒𝑣𝑒𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠)𝑜𝑛 𝑡ℎ𝑒 𝑜𝑑𝑑 𝑟𝑜𝑤𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑡𝑟𝑖𝑥 𝑒𝑥𝑐𝑒𝑝𝑡 𝑏𝑜𝑢𝑛𝑑𝑎𝑟𝑦 𝑟𝑜𝑤𝑠} +

                   {8(𝑆𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑜𝑑𝑑 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠)     +

                   16(𝑠𝑢𝑚 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑓 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑣𝑒𝑛𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠)𝑜𝑛 𝑡ℎ𝑒 𝑒𝑣𝑒𝑛𝑟𝑜𝑤𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑡𝑟𝑖𝑥}]  

      
                      
 
 
 

S 

 
 

                  
 
 

T 

 
 

                   
 
 

U 

 

 

                 

   
R 

4 × 4 = 16 

          

         
Y 

4 × 2 = 8 

               

      
V 

4 × 4 = 16 

 

                 

   
Q 

2 × 4 = 8 

             

       
X 

2 × 2 = 4 

                

    
W 

2 × 4 = 8 

 
 
 
 
 

                   P 

4 × 4 = 16 4 × 2 = 8 4 × 4 = 16 

http://www.allabtengg.com/


Diploma, Anna Univ UG & PG Courses 
                            Notes Available @ 

                                  Syllabus 

                                  Question Papers www.AllAbtEngg.com  
                                  Results and Many more… 

   

Credits  

POPULAR MATHS ACADEMY, NAGERCOIL 

Available in /AllAbtEngg Android App too,                                                                    9443859258 

 

15. Euler and Modified Euler Method: 

𝑦1 = 𝑦0 + (𝑥1 − 𝑥0)𝑓(𝑥0,𝑦0) 

𝑦1 = 𝑦0 + ℎ𝑓(𝑥0,𝑦0) 

𝑦2 = 𝑦1 + ℎ𝑓(𝑥1,𝑦1) 

                     𝑦𝑛+1 = 𝑦𝑛 + ℎ𝑓(𝑥𝑛,𝑦𝑛), 𝑛 = 0, 1, 2, .. 

16. Modified Euler’s Method: 

𝑦𝑛+1 = 𝑦𝑛 + ℎ[𝑓(𝑥𝑛 +
1

2
ℎ, 𝑦𝑛 +

1

2
ℎ𝑓(𝑥𝑛,𝑦𝑛)] 

                             [OR] 

𝑦(𝑥 + ℎ) = 𝑦(𝑥) + ℎ[𝑓 (𝑥 +
1

2
ℎ, 𝑦 +

1

2
ℎ𝑓 (𝑥, 𝑦))] 

17. Runge-Kutta Method: 

Second Order R-K Method: 

    𝑘1 = ℎ𝑓 (𝑥, 𝑦) 

𝑘2 = ℎ𝑓[𝑥 +
ℎ

2
, 𝑦 +

𝑘1

2
] 

∆𝑦 = 𝑘2   𝑊ℎ𝑒𝑟𝑒  ℎ = ∆𝑥 

18. Third Order R-K Method: 

𝑘1 = ℎ𝑓(𝑥, 𝑦) 

                   𝑘2 = ℎ𝑓[𝑥 +
ℎ

2
, 𝑦 +

𝑘1

2
] 

                               𝑘3 = ℎ𝑓[𝑥 + ℎ, 𝑦 + 2𝑘2 − 𝑘1] 
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           𝑎𝑛𝑑 ∆𝑦 =
1

6
(𝑘1 + 4𝑘2 + 𝑘3) 

19. Fourth Order R-K Method: 

𝑘1 = ℎ𝑓(𝑥, 𝑦) 

                  𝑘2 = ℎ𝑓[𝑥 +
ℎ

2
, 𝑦 +

𝑘1

2
] 

                𝑘3 = ℎ𝑓[𝑥 +
ℎ

2
, 𝑦 +

𝑘2

2
] 

                𝑘4 = ℎ𝑓[𝑥 + ℎ, 𝑦 + 𝑘3] 

                    𝑎𝑛𝑑 ∆𝑦 =
1

6
[𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4] 

𝑦(𝑥 + ℎ) = 𝑦(𝑥) + ∆𝑦 

 

20. Milne’s Predictor and Corrector Methods for Solving First Order Equations: 

                            𝑦𝑛+1, 𝑝 = 𝑦𝑛−3 +
4ℎ

3
[2𝑦′

𝑛−2
− 𝑦′

𝑛−1
+ 2𝑦′

𝑛
] 

                        𝑦𝑛+1,𝑐 = 𝑦𝑛−1 +
ℎ

3
[𝑦′

𝑛−1
+ 4𝑦′

𝑛
+ 𝑦′

𝑛+1
] 

 

21. Some standard Forms of the Binomial Expansion For all Values of N, 

when [X]<1, We Have: 

1. (1 + 𝑥)𝑛 = 1 +
𝑛

1!
𝑥 +

𝑛(𝑛−1)

2!
𝑥2 + ⋯ 

2. (1 − 𝑥)𝑛 = 1 −
𝑛

1!
𝑥 +

𝑛(𝑛−1)

2!
𝑥2 − ⋯ 

http://www.allabtengg.com/

