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An analysis of algebra textbooks of 9 grades allowed to state that in the textbooks little 

attention is paid to the relationship of the quadratic function with real processes, in some 

textbooks this connection is completely absent. The purpose of the article is to study 

the kinematic processes in physics based on functional-graphical lines in mathematics. 

In order to implement such a connection, we have considered problems with physical 

content and given methods for solving these problems using a functional graphic line 

(FGL). The analysis of the given graphs opens up wide methodological possibilities of 

training, since the graphical representation of the physical process makes it more visual 

and thereby facilitates understanding of the phenomenon under consideration, promotes 

the development of abstract thinking, intuition, the ability to analyze and compare, and 

find a more rational way to solve problems. The systematic implementation of such 

works allows a deeper study of the topic and rational use of the new technique for 

studying FGL, finding natural connections between disciplines, studying phenomena 

and processes in technology and nature from the point of view of functional graphic 

lines. 
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1. INTRODUCTION

School mathematics has a great influence on the intellectual 

development of students and the ability to learn new 

information, the flexibility of the mind, criticality, the ability 

to plan actions, the ability to reason [1-3]. For students to 

understand the course of school mathematics as a whole, it is 

important, first of all, that they fully understand the primary 

concepts. One such concept is function. Functional 

dependence reflects the practical orientation of the course of 

mathematics, the relationship of values in the natural sciences, 

and also forms the functional thinking of students. A 

significant influence on the content and methodology of 

teaching function in the school was made by the ideas of 

mathematics teachers [4-6]. The substantiation of the 

functional line, as the leading one for the school course in 

mathematics, is considered one of the major achievements of 

the mathematics methodology [7]. 

As the analysis of the problems of the school course in 

mathematics has shown, such tasks in the textbooks are not 

enough. However, it is rather difficult to formulate the concept 

of the functional dependence of values among schoolchildren. 

The material studied at the lessons of algebra is formalized in 

nature, it is not saturated with specific content, which causes 

difficulties in the understanding of the concept of the 

functional dependence of quantities among schoolchildren [8]. 

An effective condition is to improve the quality of 

assimilation of the concept of functional dependence in the 

establishment of intersubject connections between physics and 

mathematics, which makes it possible to successfully solve 

contextual problems. In the textbooks, little attention is paid to 

problems with physical content, as well as tasks that contribute 

to the formation of such skills that are necessary for learning 

functions. Problems with physical content use mainly material 

known to students from a physics course [9-11]. The graphical 

representation of the physical process makes it more visual and 

thereby facilitates the understanding of the phenomenon under 

consideration, contributes to the development of abstract 

thinking, intuition, the ability to analyze and compare, to find 

a more rational way to solve problems [12]. In addition, the 

application of the graphical method helps to strengthen the 

links between physics and mathematics, fills abstract 

mathematical laws with concrete physical content [13, 14]. 

Well-known scientist and methodist A. Ya. Khinchin notes 

the important role of functional and graphic lines in a school 

mathematics: “None of the concepts, except functional 

dependence, can directly and accurately reflect the 

relationship of motion and real quantities” [2]. The basic 

concepts in functional – graphic lines are function, function 

graph, functional dependence. With these concepts, you can 

display the theoretical problems of the course of mathematics, 

as well as its practical orientation. 

2. PECULIARITY OF THE MOTION OF A BODY

THROWN AT AN ANGLE TO THE HORIZON

Example 1. In mathematics, when studying the chapter 
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“Elements of trigonometry” [15], we considered the following 

example of physical content. “The body is thrown at an angle 

𝛼 = 450 to the horizon. Show the dependence of the flight

range (x) and elevation (h) on the throwing speed of the body 

(x=f(υ) and h=f(υ)) on one coordinate plane.” 

Solution. From the subject “Motion of a body thrown at an 

angle to the horizon” (Grade 9, [16]) in physics it is known 

that (1): 

ℎ = 𝑥 ⋅ 𝑡𝑔𝛼 −
𝑔

2𝜐0
2 𝑐𝑜𝑠2 𝛼

𝑥2
(1) 

Using the conditions of the task, and taking into account that 

(2): 

ℎ = 𝑥 −
𝑔

𝜐0
2 𝑥2

(2) 

when α=450 we fill in the Table 1 for the values υ0 (3) 

ℎ = 𝑓(𝑥),
𝑥𝑚

2
, ℎ𝑚 (3) 

Table 1. Values of characteristics (𝜐0,ℎ,𝑥𝑚(м),ℎ𝑚(м)) of a

thrown body at the angle α=450 to the horizon 

𝝊𝟎 (
𝒎

𝒔
) 𝒉 = 𝒇(𝒙), 𝜶 = 𝟒𝟓𝟎 𝒙𝒎(𝒎) 𝒉𝒎(𝒎)

10 𝑥 − 0.098𝑥2 10.2 2.55 

11 𝑥 − 0.081𝑥2 12.34 3.09 

12 𝑥 − 0.068𝑥2 14.7 3.68 

14 𝑥 − 0.050𝑥2 20.0 5.0 

The dependency graphsℎ = 𝑓(𝑥)  are shown in Figure 1, 

where A(5.1; 2.55); B(6,17; 3.09); C(7.35; 3.68); D(10; 5.0) 

are the coordinates of the vertices of the parabolas, or the 

values 
𝑥𝑚

2
 and ℎ𝑚 , corresponding to the velocities 𝜐1 , 𝜐2 ,

𝜐3and 𝜐4.

Figure 1. Graphs of dependency 

Table 2. Values of characteristics (𝜐0,ℎ,𝑥𝑚(м),ℎ𝑚(м)) of a

thrown body at the angle α=300 to the horizon 

𝝊𝟎 (
𝒎

𝒔
) 𝒉 = 𝒇(𝒙), 𝜶 = 𝟑𝟎𝟎 𝒙𝒎(𝒎) 𝒉𝒎(𝒎)

10 8.82 1.28 

11 10.70 1.54 

12 12.74 1.84 

14 

0.5774𝑥 − 0.06534𝑥2 

0.5774𝑥 − 0.05299𝑥2 

0.5774𝑥 − 0.04537𝑥2 

0.5774𝑥 − 0.03384𝑥2 17.32 2.50 

Now, in order to study the correspondence of movements, 

we draw the same graphs for α=300 and α=600. The data 

values are shown in Tables 2 and 3, and comparison graphs are 

shown in Figure 2. 

Table 3. Values of characteristics (𝜐0, ℎ, 𝑥𝑚(м), ℎ𝑚(м)) of a

thrown body at the angle α=600 to the horizon 

𝝊𝟎 (
𝒎

𝒔
) 𝒉 = 𝒇(𝒙), 𝜶 = 𝟔𝟎𝟎 𝒙𝒎(𝒎) 𝒉𝒎(𝒎)

10 1.732𝑥 − 0.196𝑥2 8.82 3.83 

11 1.732𝑥 − 0.162𝑥2 10.70 4.63 

12 1.732𝑥 − 0.136𝑥2 12.74 5.51 

14 1.732𝑥 − 0.100𝑥2 17.32 7.50 

For: а) α=300, A_1 (4.42; 1.28); B_1 (5.35; 1.54); C_1 

(6.37; 1.84); D_1 (8.66; 2.50); 

b) α=450, A(5.1; 2.55); B(6.17; 3.09); C(7.35; 3.68);

D(10; 5.0); 

c) α=600, 𝐴2(4.42;  3.83) ; 𝐵2(5.35;  4.63) ;

𝐶2(6.37;  5.51); 𝐷2(8.66;  7.50);

(a) 

(b) 

(c) 

Figure 2. a) dependence graph h=f(x) for α=450; b) 

dependence graph h=f(x) for α=300; c) dependence graph 

h=f(x) for α=600  

Based on a comparison of the graphs in the figures, the 

following conclusions can be drawn: The height of the lift of 

the thrown body (h) and the range of flight (x) increase in 

proportion to the speed of the throw. The maximum flight 

range is achieved when inclination α=450, and when the throw 

angles (450 + 𝛼) and (450 − 𝛼), then the flight range of the

bodies is the same(00 ≤ 𝛼 ≤ 450).
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3. THE DEPENDENCE OF THE LIFT HEIGHT AND 

THE FLIGHT RANGE OF A BODY FROM THE 

THROW ANGLE 

 

Example 2. Now we will analyze the dependence of the lift 

height (h) and the flight range (x) of a body thrown at an angle 

to the horizon at a speed 𝜐0 = 10
𝑚

𝑠
 from the throw angle (α), 

plotting their graphs (x=f(α) and h=f(α)) on the same 

coordinate plane. We use the formula (1) again. Fill in the 

Table 4 to determine the necessary values for plotting. 

 

Table 4. Values of characteristics (ℎ,𝑥𝑚(м),ℎ𝑚(м)) of a 

thrown body at an angle to the horizon with speed 𝜐0 = 10
м

с
 

 
α(grad) h=f(x) 𝒙𝒎(𝒎) 𝒉𝒎(𝒎) 

15 0.268𝑥 − 0.053𝑥2 2.55 0.34 

30 0.577𝑥 − 0.065𝑥2 4.41 1.28 

45 𝑥 − 0.098𝑥2 5.10 2.55 

60 1.732𝑥 − 0.196𝑥2 4.41 3.83 

75 3.732𝑥 − 0.732𝑥2 2.55 4.76 

 

The dependency graph h=f(x) is shown in Figure 3. 

A(2.55; 0.34); B(4.41; 1.28); C(5.10; 2.55); D(4.41; 3.83); 

E(2.55; 4.76) are the vertices of the parabolas. 

 

 
 

Figure 3. Dependence graph ℎ = 𝑓(𝑥) at an angle to the 

horizon with speed 𝜐0 = 10
м

с
 

 

Conclusion: when the angle of graph inclination 00 ≤ 𝛼 ≤
450, the flight range (𝑥) increases in proportion to the angle, 

while 450 ≤ 𝛼 ≤ 900it decreases to zero. Lifting height (ℎ) 

increases in proportion to the angle of inclination (α). When 

α=900 the lifting height is determined by the formula ℎ =
𝜐0

2

2𝑞
. 

 

 

4. THE FEATURES OF THE MOTION OF A BODY 

THROWN HORIZONTALLY FROM A HEIGH 

 

Example 3. Consider the motion of a body thrown 

horizontally from a height ℎ0 = 5𝑚  and determine the 

dependence of the flight range (x) on the speed (𝜐0) of the 

throw (x=f(x)). Solution: consider the equation of motion of 

the body in the form (4) 

 

ℎ = ℎ0 −
𝑔

2𝜐0
2 ⋅ 𝑥2  (4) 

 

The values required for building the graphs are shown in 

Table 5 [17]. 

Table 5. Values of characteristic (x, υ0) of a thrown body 

from a height ℎ0 = 5м horizontally 

 

𝝊𝟎 (
𝒎

𝒔
) 𝒉 = 𝒇(𝒙) 𝒙𝒎𝒂𝒙 𝒉𝟎(𝒎) 

3 5 − 0.545𝑥2 3.03 5 

5 5 − 0.196𝑥2 5.05 5 

7 5 − 0.100𝑥2 7.07 5 

8 5 − 0.077𝑥2 8.08 5 

10 5 − 0.049𝑥2 10.10 5 

 

Figure 4 shows a dependency graph ℎ = 𝑓(𝜐0). Conclusion: 

the flight range of the body (x) increases in proportion to the 

speed of the throw (𝜐0), and its trajectory is a branch of the 

parabola. 

 

 
 

Figure 4. Dependence graph ℎ = 𝑓(𝜐0) of a thrown from a 

height ℎ0 = 5м 

 

Example 4. We graphically study the dependence (5) 

related to the quadratic function in mathematics, which 

determines the coordinates of the uniform translational motion 

in kinematics. 

 

𝑥 = 𝑥0 + 𝜐0𝑡 +
𝑎𝑡2

2
  (5) 

 

Table 6. Values of quantities included in the dependence 𝑥 =

𝑥0 + 𝜐0𝑡 +
𝑎𝑡2

2
 

 
   𝒙 = 𝒇(𝒙𝟎, 𝝊𝟎, 𝒂) 

0 0 𝑎𝑥 > 0 𝑥 = 0.5𝑎𝑡2 

0 0 𝑎𝑥 < 0 𝑥 = −0.5𝑎𝑡2 

0 𝜐0𝑥 > 0 𝑎𝑥 > 0 𝑥 = 𝜐0𝑡 + 0.5𝑎𝑡2 

0 𝜐0𝑥 > 0 𝑎𝑥 < 0 𝑥 = 𝜐0𝑡 − 0.5𝑎𝑡2 

0 𝜐0𝑥 < 0 𝑎𝑥 > 0 𝑥 = −𝜐0𝑡 + 0.5𝑎𝑡2 

0 𝜐0𝑥 < 0 𝑎𝑥 < 0 𝑥 = −𝜐0𝑡 − 0.5𝑎𝑡2 

𝑥0 > 0 𝜐0𝑥 > 0 𝑎𝑥 > 0 𝑥 = 𝑥0 + 𝜐0𝑡 + 0.5𝑎𝑡2 

𝑥0 > 0 𝜐0𝑥 > 0 𝑎𝑥 < 0 𝑥 = 𝑥0 + 𝜐0𝑡 − 0.5𝑎𝑡2 

𝑥0 > 0 𝜐0𝑥 < 0 𝑎𝑥 > 0 𝑥 = 𝑥0 − 𝜐0𝑡 + 0.5𝑎𝑡2 

𝑥0 > 0 𝜐0𝑥 < 0 𝑎𝑥 < 0 𝑥 = 𝑥0 − 𝜐0𝑡 − 0.5𝑎𝑡2 

𝑥0 < 0 𝜐0𝑥 > 0 𝑎𝑥 > 0 𝑥 = −𝑥0 + 𝜐0𝑡 + 0.5𝑎𝑡2 

𝑥0 < 0 𝜐0𝑥 > 0 𝑎𝑥 < 0 𝑥 = −𝑥0 + 𝜐0𝑡 − 0.5𝑎𝑡2 

𝑥0 < 0 𝜐0𝑥 < 0 𝑎𝑥 > 0 𝑥 = −𝑥0 − 𝜐0𝑡 + 0.5𝑎𝑡2 

𝑥0 < 0 𝜐0𝑥 < 0 𝑎𝑥 < 0 𝑥 = −𝑥0 − 𝜐0𝑡 − 0.5𝑎𝑡2 

 

The graphs of these functions depend on the number of 

quantities 𝑥0, 𝜐0 and 𝑎which entering in it and their directions. 

In this regard, we present possible situations that will take 

these values depending on the type of processes (Table 6). 
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Here: 𝜐0𝑥 and 𝑎𝑥  are the projections of the velocity and 

acceleration of the body on the axis (x) [18]. 

When using values |𝑥0| = 2м; |𝜐0| = 2
м

с
; |𝑎| = 2

м

с2 on the 

interval 0≤t≤4, the graphs of these dependencies are 

compressed. Dependency graphs are shown in Figures 5 and 6. 

 

 
 

Figure 5. Graphs of the dependence of a quadratic function 

in mathematics (1-6) 

 

 
 

Figure 6. Graphs of the dependence of a quadratic function 

in mathematics (7-14) 

 

Based on the built-in graphs, the following conclusions can 

be drawn: 

1. All graphs are parabolic curves, and in six cases 

(𝑥4, 𝑥5, 𝑥8, 𝑥9, 𝑥12, 𝑥13) you can find the vertices of parabolas. 

2. The graphs are symmetrical with each other in 

comparison with the axes: (𝑥3 and𝑥6 ; 𝑥1 and𝑥2 ; 𝑥4 and 𝑥5 ; 

𝑥7and 𝑥14; 𝑥8and 𝑥13; 𝑥9and𝑥12; 𝑥11and 𝑥10). 

Note. Symmetry is performed when the signs of the 

corresponding dependency members are mutually opposite. 

We will verify that 𝑥10 and𝑥11 are indeed symmetric (6, 7, 8). 

 

𝑥10 = 𝑥0 − 𝜐0𝑡 − 0.5 𝑎𝑡2 (6) 

 

𝑥11 = −𝑥0 + 𝜐0𝑡 + 0.5𝑎𝑡2 (7) 

 

𝑥10 = 𝑥0 − 𝜐0𝑡 − 0.5 𝑎𝑡2 = −(−𝑥0 + 𝜐0𝑡 +
0.5𝑎𝑡2) = −𝑥11  

(8) 

 

3. When the signs of the corresponding dependency 

members are the same, the body moves in one direction. For 

example, 𝑥3; 𝑥5; 𝑥7; etc. 

If the signs of the terms are different, then the body will 

move in two directions along the selected axis. For 

example,𝑥4; 𝑥6 
; 𝑥12; etc. Another type of translational motion 

in kinematics is a smooth rectilinear motion. Here, to study the 

motion, the equation of motion (𝑥 = 𝑓(𝑥)) and the velocity 

equation ( 𝜐 = 𝑓(𝑡) ) are used. The general form of the 

equations is written as follows: 𝑥 = 𝑥0 + 𝜐0𝑡 and 𝜐 = 𝜐0 + 𝑎𝑡. 

Both equations relate to the linear equation (y=kx+b), which 

is studied in mathematics. Here: 𝑦and𝑥 variables, k≠0, b are 

constant numbers. In our case:𝑥,𝜐and 𝑡are the variables; 𝑥0, 

𝜐0, 𝜐0 ≠ 0, a≠0 are the constant values, namely: 𝑥0is an initial 

coordinate; 𝜐0 is a starting speed; a is an acceleration. Now, 

for each equation, we analyze the motion of the body. Tables 

7 and 8 give a range of values of the quantities included in the 

equation that they can take in the general case. And their 

graphs are shown in Figures 7 and 8. Here: 𝑥0 = 4𝑚; 𝜐0 =

3
𝑚

𝑠
; and 𝜐0 = 4

𝑚

𝑠
; 𝑎 = 2

𝑚

𝑠2. 

 

Table 7. Range of values of quantities included in the 

equation 𝑥 = 𝑥0 + 𝜐0𝑡 
 

𝒙𝟎(𝒎) 𝝊𝟎 (
𝒎

𝒔
) 𝒙 = 𝒇(𝒕) 

0 𝜐0𝑥 > 0 𝑥 = 𝜐0𝑡 

0 𝜐0𝑥 < 0 𝑥 = −𝜐0𝑡 

𝑥0 > 0 𝜐0𝑥 > 0 𝑥 = 𝑥0 + 𝜐0𝑡 

𝑥0 > 0 𝜐0𝑥 < 0 𝑥 = 𝑥0 − 𝜐0𝑡 

𝑥0 < 0 𝜐0𝑥 > 0 𝑥 = −𝑥0 + 𝜐0𝑡 

𝑥0 > 0 𝜐0𝑥 < 0 𝑥 = −𝑥0 − 𝜐0𝑡 

𝑥0 > 0 0 𝑥 = 𝑥0 

𝑥0 < 0 0 𝑥 = −𝑥0 

 

Table 8. Range of values of quantities included in the 

equation 𝜐 = 𝜐0 + 𝑎𝑡 
 

𝝊𝟎 (
𝒎

𝒔
) 𝒂 (

𝒎

𝒔𝟐
) 𝝊 = 𝒇(𝒕) 

0 𝑎𝑥 > 0 𝜐 = 𝑎𝑡 

0 𝑎𝑥 < 0 𝜐 = −𝑎𝑡 

𝜐0𝑥 > 0 𝑎𝑥 > 0 𝜐 = 𝜐0 + 𝑎𝑡 

𝜐0𝑥 > 0 𝑎𝑥 < 0 𝜐 = 𝜐0 − 𝑎𝑡 

𝜐0𝑥 < 0 𝑎𝑥 > 0 𝜐 = −𝜐0 + 𝑎𝑡 

𝜐0𝑥 < 0 𝑎𝑥 < 0 𝜐 = −𝜐0 − 𝑎𝑡 

𝜐0𝑥 > 0 0 𝜐 = 𝜐0 

𝜐0𝑥 < 0 0 𝜐 = −𝜐0 

 

 
 

Figure 7. Graphs of linear function 𝑥 = 𝑥0 + 𝜐0𝑡 
 

 
 

Figure 8. Linear function 𝜐 = 𝜐0 + 𝑎𝑡 graphs 
 

As a result of the analysis of the graphs shown in Figures 7 

and 8, the following conclusions can be drawn [19]: 

1. Due to the fact that both dependencies x=f(t) and υ=f(t) 

are defined by linear functions, in accordance with the terms 

of the graphics are similar. 

2. Graphs are straight lines, since 𝜐0 and 𝑎 are independent 

of the projection on the coordinate axis. 

3. And depending on the sign of the projections within the 

coordinates [20, 21]: 
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− is in the I quarter, when the signs are positive; 

− located in the II quarter, when the signs are negative; 

− when the signs of the members are both positive and 

negative, they are in both quarters. For example: 𝑥4 and 

𝑥5; 𝜐4 and 𝜐5. 
 

 

5. CONCLUSIONS 
 

The use of interdisciplinary relations allows, on the other 

hand, to fulfill the requirements set in the curriculum. We 

examined the possibilities of studying kinematic processes in 

physics while studying functional graphical lines in 

mathematics, where the functional relationships between 

quantities can be shown to students in terms of dynamic 

processes using a graph. As a rule, to determine the position 

(coordinates) of a body uniformly moving in a straight line, we 

use a graph of a linear function to draw a straight line on the 

coordinate plane, and for a body in smooth translational 

motion, we draw a parabola on a plane, but this does not allow 

fully take into account the conditions of the problem of finding 

the coordinates of a moving body; a drawn graph can give an 

explanation of only one case. 

Thus, all the above materials lead to the following 

conclusions: 

1. When studying various functions in mathematics on the 

basis of a graphical analysis of the kinematic processes of 

physics, it is possible to widely and systematically use the 

possibilities of the correct assimilation of functional-graphic 

lines in students. 

2. The systematic conduct of such work allows a deeper 

study of the topic, to find natural connections between 

disciplines, studying phenomena and processes in technology 

and nature from the point of view of functional graphic lines. 

3. It is necessary to develop the ability of students to be 

critical of graphic images and should encourage the image of 

various laws using mathematical graphs, including using a 

computer. 
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