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Abstract 

This study showed how to divide closed periods into subintervals, reviewed the numerical approach 

known as the trapezoid rule, and reported the percentage of inaccuracy in the procedure. Many 

algorithms were employed and the trapezoid rule was applied to Closed interval [a, b]. The closed 

interval [a, b] has been divided into n equal-length sub- intervals, each of which has a length of h. The 

distance h between the starting point and the closed intervals limit is represented by the symbol h, and the 

length of the period is represented by the symbol h. Additionally, an algorithm was proposed that 

simulates the cultivation of agricultural crops using various existing methods. When a number of slices 

are created beneath the function curve and each slice has a shape that is similar to the pervert's, the value 

of h=(b-a)/n, where a is the start of the interval, b is the end of the interval, and n is the number of 

divisions, may be determined. In order to get exact responses, apply the trapezoid rule to each period and 

determine the integral for each subinterval. 

 

Keywords: Trapezoid rule, closed interval, sub-interval 

 

Introduction 

Use the Trapezoid Rule to approximate the definite integral of a function over a closed interval 

[a, b] The Trapezoid Rule is a numerical method to estimate the value of a definite integral: 

 

∫ f(x)
a

b

≈
(b − a)

2
(f(b) + f(a)) 

 

The basic idea behind the Trapezoid Rule is to divide the interval [a, b] into a certain number 

of sub-interval, with (n) taking the form a = x0 < x1 < x2 < ⋯ < xn = b  

j = 0, 1, 2,., n 

There are two forms of integration, and the distance between the points x_j, which are referred 

to as nodes, defines the type of integration. The following procedures can be used to determine 

the approximate value of the integral of the function f(x) over the interval  [a, b]:  

First, we divide the interval [a,b] into (n) equal-length subintervals, each of whose length is h, 

whose value can be computed using h=(b-a)/2. Under the function curve, a number of slices 

are formed, each of which has a shape that is close to the trapezoid. Next, we apply the 

trapezoid rule to each period, as shown in the following figure: 

 

A =
1

2
(y1 + y2)h ≈ ∫ f(x)

a

b
≈
(b−a)

2
(f(b) + f(a))h  

 

Second, by adding together the areas of all the slices A1, A2, A3,…, An, we determine the 

estimated total area contained under the curve of the function between x_n=b and x_0=a.  

 

∫f(x)dx = A1 + A2…… .+An

b

𝑎

  

 

∫ f(x)dx = ∫ f(x)dx + ∫ f(x)dx + ⋯+ ∫ f(x)dx
b

xn−1

x2
x1

x1
a

b

a
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∫ f(x)dx = 1

2

b

a
[y1 + y2]h +

1

2
[y2 + y3]h + ⋯+

1

2
 [yn + yn+1]h  

 

which is able to be written:  

 

∫ f(x)dx ≅
h

2

b

a

[y1 + 2y2 +⋯+ 2yn + yn+1] 

 

The idea is that the Trapezoid Rule creates a trapezoid by 

connecting the function's values at the endpoints of each 

subinterval with a straight line, rather than utilizing rectangles 

to approximate the area. Next, the trapezoid's area is 

computed. The approximate total area under the curve can be 

obtained by adding the areas of each of these trapezoids. 

Subdividing the Closed Interval: We take a closed interval [a, 

b] and divide it into n equal pieces by the appropriate number 

of subintervals n. 

 

∆x = h =
(b−a)

n
  

 

The Trapezoid Rule  

• Accuracy: For the same number of subintervals, the 

Trapezoid Rule typically yields a more accurate 

approximation than Riemann sums (left, right, or 

midway), particularly for nonlinear functions. This is due 

to the fact that it uses straight lines, which fit the curve 

more accurately than horizontal lines, to approximate it.  

• Inaccuracy: The Trapezoid Rule's inaccuracy is 

inversely proportional to n2. This indicates that the error 

reduces by a factor of four when the number of 

subintervals is doubled. 

• Concavity: The trapezoidal rule will overstate the 

integral if the function f(x) is concave up on the interval. 

The trapezoidal rule will undervalue the integral if the 

function f(x) is concave down on the interval.  

• When it's exact: Because a straight line fits a linear 

function exactly, the Trapezoid Rule provides an exact 

answer for the integral of a linear function.  

 

Research Method  

Derivation of Trapezium Rule 

After approximating the function f(x) using Newton's formula 

for forward inclusion, we integrate the function throughout 

the interval [x0, x1] with respect to m, setting the integration 

limits from 0 to 1. The result is:  

 

f(xm) = f0 +m∆f0 +
m(m−1)

2!
∆2f(x0) +

m(m−1)(m−2)

3!
∆3f(x0) + ⋯  

 

x = x0 + h m;  m =
x−x0

h
, dx = h dm  

 

∫ f(x)dx ≅ h∫ f(xm)dm 

1

0

x1

x0

  

 

∫ f(x)dx
x1

x0
= h∫ [f0 +m∆f0 +

m(m−1)

2!
∆2f0 +⋯]dm

1

0
  

 

∫ f(x)dx
x1

x0
= h ∫ [f0 +m∆f0 + (

m2

2
− m

2
)∆2f0 +⋯ ]dm

1

0
  

 

∫ f(x)dx
x1

x0
= h [m f0 +

m2

2
∆f0  + (

m3

6
− m2

4
)∆2f0 +⋯ ]  

 

∫ f(x)dx
x1

x0
= h[f0 +

1

2
∆f0 + (

1

6
− 1

4
)∆2f0 +⋯ ]  

 

The following is obtained by truncating the phrases that 

include the second front differences:  

 

Tn = ∫ f(x)dx ≅ h[f0 +
1

2
∆f0]

1

0
  

 

Since: ∆f0 = f1 − f0 

 

∫ f(x)dx ≅ h[f0 +
1

2
(f1 − f0) ]

1

0
  

 

 Tn = ∫ f(x)dx = h

2 
 [

1

0
f1 + f0] … (1)  

 

The trapezoidal rule is represented by equation (1).  

By generalizing equation (1.2) to each subinterval [x0, x1] 
 

∫ f(x)dx ≅ h

2 
 [fi + fi+1

xi+1
xi

]  

 

∫ f(x)dx = ∫ f(x)dx
x1
x0

+ ∫ f(x)dx + ⋯+ ∫ f(x)dx
xn
xn−1

x2
x1

xn
x0

  

 

∫ f(x)dx
xn
x0

= h

2
[f0 + f1] +

h

2
[f1 + f2] + +

h

2
[fn−1 + fn]  

 

 =
h

2
[f0 + 2[f1 + f2 +⋯+ fn−1] + fn]. (2) 

 

Results And Discussion  

The compound trapezoidal rule could be found in 

equation (2) 

Error of the Trapezoidal Rule  

 

ET =
−h

12
 ∆2f0 

 

ET =
−h3

12
 f "(θ);  θ ϵ[x0, x1] … (3)  

 

Where ∆nf0 = h
nf (n)(θ) when n=2  

The amount of inaccuracy for each subperiod is shown in 

equation (3). The overall error (i.e., the cumulative error from 

n subintervals) equals the sum of the cumulative errors in (n) 

intervals, which is the error that results from using the 

compound trapezoid rule. 

 

ET =
−h3

12
f "(θ1)-h

3

12
f " (θ2) − ⋯−

h3

12
f "(θn)  

 

ET =
−nh3

12
f "(θ) … (4)  

 

Consequently, the optimal error magnitude for (n) among the 

different classes is represented by (4). To get the amount of 

difference between the genuine value and the estimated value, 

the computed method K must be integrated with the amount 

of error in any method.  

 

I = Tn + ET  

 

 =  h
2
[f0 + 2[f1 + f2 +⋯+ fn−1] + fn]⏟                      − 

nh3

12
f "(θ)⏟      

 

Trapezoidal Rule Truncation Error 

 

Algorithm of The Trapezoidal Rule 

First: input f(x), N, a, and b.  

Second: use the relationship h = b−a

2
) to get the value of h.  

Third: xi = a + i h for values i = 0,1,2,…n-1  

Fourth: determine the integral Tn =
h

2
[f(a) + 2∑ f(xi) +

n−1
i=1
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f(b)] 
Fifth: Print the Tnvalue. 

 

Use the trapezoid rule to get the integral if you know that 

n=6 ∫ dx

1+x2

1 

0
  

 

h =  b−a

n
= 1−0

6
= 1

6
  

 

xi = a + ih; x0 = a + 0h; x1 = a + 1h,  
 

x2 = a + 2h; x3 = a + 3h; x4 = a + 4h 

 

 x5 = a + 5h; x6 = a + 6h 

 

The following table of values will be generated when these 

values are entered into the function: 

 
Table 1: The values of xi and the values of the function f(xi) at them 

are displayed 
 

1 5/6 4/6 3/6 2/6 1/6 0 xi 

0.5 0.590 0.6923 0.8 0.9 0.9729 1 f(xi) 
 

T = ∫ f(x)dx ≅ h

2

1

0
[y0 + 2y1 + 2y2 + 2y3 + y4 + 2y5 + y6]  

 

∫ f(x)dx
1

0
=  

1

12 
[1 + 2(0.9129) + 2(0.9) + 2 + 2(0.6932) +

2(0.5901) + 0.5]  
 

T = 0.78424  

 

The following arrangement shows the integral values by 

applying the trapezoid rule and using a different number of 

divisions 

Since the correct integral value of this function is as follows, 

we can observe that the answer becomes closer to the precise 

solution as n increases:  

 

I = ∫ dx
1+x

1

0
= 0.78539  

 

Use the trapezoid rule to solve the following integral, 

∫ e−
x

2
2

1
if n=4.  

 

; x0 = a + 0h; x1 = a + 1h,  
 

x2 = a + 2h; x3 = a + 3h; x4 = a + 4h, 
 

2 1.75 1.5 1.25 1 xi 
0.36788 0.41686 0.47237 0.53526 0.60653 f(xi) 

 

∫ e−
1

2
x2

1
=

h

2
[f0 + 2f1 + 2f2 + 2f3 + f4]  

 

 =
0.25

2
[0.6053 + 2(0.53526) + 2(0.47237) + 2(0.41686) +

0.36788]  

 

 T = 0.47777 

 

This function's real integral value is  I = ∫ e−
1

2
x2

1
=

0.4773024366 

 

Determine the following integral's approximate value. The 

following situations can be solved with the trapezoid rule:  

∫(x2 + 1) dx 

1

0

 

 

When n =2 

When n =4 

When n =8  

When n = 2, the solution 

 

h = 1

2
  

 

f(0) = 1, f(1) = 2, f(0.5) = 1.5  

 

T2 =
h

2
[f(0) + 2f(0.5) + f(1)] = 1.375  

 

This function's real integral value is I = 1.333  

When n = 4, the solution 

 

h= b−a

n
= 1

4
 

 

 T4 = 
h

2
[f(0) + 2f(0.25) + 2f(0.5) + 2f(0.75) + f(1)] =

1.34375  

 

| I − T4| = │1.333 −  1.34375│ = −0.01075  
 

When n = 8, the solution   

 

h =
1

8
  

 

T8 = 
h

2
[f(0) + 2f(0.125) + 2f(0.25) + 2f(0.375) +

2f(0.5) + 2f(0.625) +  2f(0.75) + 2f(0.875) + f(1)]  
 

T8 = 1.33594  

 

We note that the estimated value still deviates from the actual 

number regardless of whether n = 8, n = 4, or n = 2. This is 

because, although the rule of the quadrilateral (trapezium) is 

perfectly accurate for the integration of functions whose 

degree is less than (2 >) 2, we continue to employ it.  

However, we see that the estimated value becomes closer to 

the actual value of the integral as the value of (n) increase. 

 

Application of the use of the Trapezoid Rule in 

agricultural crops: using the fundamental principle of 

dividing the field or cultivated area into several sections with 

the goal of simultaneously growing multiple products under 

the same field conditions and additions, depending on 

collaboration to achieve the highest production with the 

greatest quantity from the Bible. 

 

∫𝑓(𝑥)𝑑𝑥 = 𝐴1 + 𝐴2…… .+𝐴𝑛

𝑏

𝑎

  

 

Where b end of season a the beginning of season 

A1, A2, …., An the area under agriculture  

Then, by adding up the areas of the planted areas A1, A2, 

A3,…, An, we determine the total area contained within the 

curve of the function between xn = b,  x0 = a as follows: 

 

∫f(x)dx = A1 + A2…… .+An

b

𝑎
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The continuity status of the crop may be ascertained by 

breaking the time up into smaller periods; the more sub-

periods there are, the more continuity there is, and the smaller 

the mistake. 

 

∫ f(x)dx = ∫ f(x)dx + ∫ f(x)dx +⋯+ ∫ f(x)dx

b

xn−1

x2

x1

x1

a

b

a

 

 

Algorithm of The crop 

• Determine the crop A1, A2, …., An and the beginning of 

season, end of season  

• Soil analysis 

• Analysis of weather factors 

• Determine the amount of seeds 

• Cultivation of crops and use of fertilizers 

• Evaluating the results 

 

 
 

Irrigation Management (Water Use Over Time) Use the 

Trapezoid Rule 

Farmers often monitor how much water crops use over a 

growing season, based on evapotranspiration (ET) or soil 

moisture data collected at intervals. 

Use of Trapezoid Rule: Estimate the total water used: 

 

ET ≈ h

2
 [ET0 + 2ET1 + 2ET2 +⋯+ 2ETn−1 + ETN]  

 

This helps in planning irrigation schedules and conserving 

water. 

 

Conclusion  

A number of slices under the function's curve are produced by 

using the trapezoid rule, and each slice has a shape that is 

similar to the trapezoid's form. In order to get precise 

answers, we then apply the trapezoid rule to each closed 

interval [a, b] and determine the integral for each sub-interval. 
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