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	Misconceptions still often occur when learning physics, especially in conducting research that is not consistently detailed in identifying an observation. In parabolic motion material, it is known that 45° is a special angle that produces the farthest distance. The misconception that 45° is the angle that produces the farthest distance has become a reference in learning in various educational institutions to date. The aim of this research is to identify and prove that the 45° angle is not an elevation angle that produces the farthest distance in a vacuum that ignores the initial position of the thrower. This research was conducted using PhET virtual laboratory media which was analyzed based on quantitative and qualitative methods. This study will test the elevation angle of 42° : 45° : 48° based on altitude 0 m : 1 m : 2 m. After the observational data has been obtained and proven by the existing equations, the research results will be analyzed based on the functional analyzer approach by making the equations into function graphs to make it easier for readers to read the existing data. In this study, it was found that the angle of 42° is the producer of the farthest distance and also gets a relatively faster travel time compared to the angle of 45° which we know so far as a special angle that produces the farthest distance in non-vacuum conditions. In this study, it is hoped that readers will be able to re-examine the point of producing the furthest distance which is still a misconception in various educational institutions. 
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1. Introduction
Physics is one of the most difficult subjects in natural sciences. Physics is the science that studies the properties, natural phenomena, and all the interactions that occur in them. Through this interaction, physics can help to understand the mysteries of the universe [1]. To study it, physics itself can use methods that start from observation, measurement, analysis, and conclusions. Basically, many things that happen in everyday life are interesting and can be found using physics concepts, including the concept of parabolic motion. It is understood that any moving object will follow a certain trajectory. Based on this trajectory, motion is divided into straight motion, circular motion and parabolic motion or also known as bullet motion. In 1638 in the last part of the dialogues concerning two new sciences, Galileo showed by geometrical means that in a vacuum, the trajectory described by a projectile is a parabola [2],[3].
The proof of a parabolic trajectory is obtained by combining unaccelerated horizontal motion with accelerated vertical motion. In dialogues Galileo also discusses, through his character, the effect of air resistance on projectile motion and admits that parabolic trajectories are unreal [4]. One of the importance of understanding projectile motion is that this concept can be used to analyze several events in the field of sports, such as analyzing the motion of a curved ball in a soccer match and the motion of a shuttlecock in badminton [5]. According to the laws of physics, the movement of the ball will cause a flow of air around it, the faster the air flows, the lower the pressure. Unknowingly in the game of football there is a physics concept about parabolic motion [6]. We can find another understanding in the research conducted by [7], that when a jumper makes a jump in the air it does not always produce the farthest distance at an angle of 45°, this is only a reference in projecting a measurable optimal movement. Parabolic motion is a motion whose trajectory is a parabola. Parabolic motion is a two-dimensional motion, which combines two axes, namely the horizontal axis and the vertical axis [8].
The motion of the bullet is a two-dimensional motion of the particles thrown obliquely into the air. In this motion, the effect of friction with air is considered absent or ignored. When the ball is kicked by forming a certain angle which is called the elevation angle, the path that the ball takes is in the form of a curved line or a parabolic path of motion, which can be seen in Figure 1[9].

[image: ]
[bookmark: _Ref177562775]Figure 1. Trajectory and Variables of Parabolic Motion
In parabolic motion, the motion of objects in the vertical direction or the y-axis is affected by a constant acceleration, namely the acceleration of gravity of the earth (g), so in the y-axis direction, Uniformly Changed Straight Motion (GLBB) occurs. The direction of motion of the object is vertical upwards, so the speed of motion at each point is written by the following equation:
vy = voy - gt  										(1)
because voy = sin , the following equation is obtained: 
vy = vo sin  - gt  										(2)

changes in the position of objects on the y-axis can be determined by the equation [10]:

 or  y = voy sin t – ½ gt2 

When the object reaches its maximum height, the vertical velocity is zero. The time when it reaches the peak can be determined by the equation:



meanwhile, the maximum height is determined by the equation:

									(3)




When the object hits the ground, the vertical position of the object is zero. The time when it reaches the maximum distance can be determined by the equation.Meanwhile, the maximum distance is determined by the equation . Based on this equation, the maximum distance of an object is determined by the elevation angle (a). The object will reach the maximum distance if the value sin 2 maximum mark xmax got for value 2 sin  maximum. This means that the value of α to achieve the maximum distance is 45o. Meanwhile, Uniform Straight Motion (GLB) occurs in the x-axis direction because there is no acceleration in this direction vx = vo - cos . The distance traveled by the object is determined by the equation: 
x = vxt = vo cos t 									(4)

Examples of parabolic motion are rocket or bullet motion, golf ball motion, arrow escape from its bow, and comet motion. In throwing, people try to project the throw as far as possible that remains within the limits of the reference point of the throw. During the body/ flying object phase, the throw essentially has the projectile motion in the free flying object phase so that its trajectory can be accurately predicted with sufficient information about the conditions of the release [11]. The correctness of applying a particular model depends on the specific physical situation itself and, strictly speaking, must be determined by physical experimentation. However, for educational purposes the accuracy of the model, i.e. the error that arises as a result of ignoring several factors that are considered insignificant [12]. On the 1972 Olympic data published by Kuhlow [13], showing that it is not the 45o angle that produces the farthest distance, Kuhlow shows that it is the other angle that produces the farthest distance compared to 45 o. The factors that can affect the farthest distance are the height h, initial velocity v and the given elevation angle [14].
With this statement, a misconception for students to understanding that the angle that produces the farthest distance is 45o [15], this is argues that misconceptions are conceptions that are firmly attached and stable in the cognitive structure of students which are different from the conceptions of experts and which influence the way students understand and explain natural phenomena scientifically and which are not a way to gain a better understanding. Futhermore, [16] explained that there are 4 sources of misconceptions in students, namely misconceptions that originate from the students themselves, teachers, textbooks and teaching methods.
This study aims to prove that the 45o angle is not always the angle that produces the farthest distance, which is where it gives a misconception to students who understand that so far the 45o angle is the angle that produces the farthest distance. Proof is carried out based on data carried out using Virtual Lab as data collection which will later be processed and carried out a Graphical Analyzer which aims to provide a clear picture of the angle that produces the farthest distance.



The use of PhET virtual lab media as an analysis of physics learning on parabolic motion has been done by [17] regarding "Experiments using a PhET simulation-based virtual lab in learning physics on parabolic motion material" that the use of PhET media as a facility for conducting experiments on parabolic motion material is very supportive and complete, because there are already tools for measuring time, distance and height. Other research conducted [18] regarding "Use of independent practicum modules based on PhET simulations in learning physics about parabolic motion in a flat plane" that when collecting data it is very effective to use PhET Virtual Laboratory media to determine the effect of elevation angle on parabolic motion by providing single data.

2. Methods
[bookmark: _Hlk134698918]This research was conducted to determine the relationship between the elevation angle of 45° as the farthest distance and the elevation angles of 48o and 42o. This type of research was carried out with 2 methods, namely quantitative and qualitative methods. In the quantitative method, the relationship between elevation angle and height and the farthest distance will be examined which will be presented by collecting data on the PhET Virtual Laboratory media (Figure 2) and in the qualitative method, the pattern of the relationship will be analyzed using a functional analyzer approach by making the equation a function graph. 

[image: ]
[bookmark: _Ref177842717]Figure 2. PhET Virtual Laboratory Simulation

In Figure 2, the first step to be taken is to open the PhET virtual laboratory media and follow the guidelines and set up the existing tools by measuring the elevation angle of 42° : 45° : 48°, initial speed of 10 m/s, acceleration of gravity 9.81 m/s2 , and a height of 0 m : 1 m : 2 m. For more details, data collection will be grouped with the following Table 1.

[bookmark: _Ref177849952]Table 1. Analysis of Elevation Angle Against Maximum Distance and Travel Time
	Elevation Angle (θ)
	Height (m)
	Initial Speed ​​(m/s)
	Gravity (m/s2)
	Maximum Distance (m)
	Travel Time(s)

	θ1
	h
	v
	g
	
	

	θ2
	
	
	
	
	

	θ3
	
	
	
	
	



if  1 > 2, so tan > tan  - x tan tan or it can also be written with x tan < tan  



, it can also be written with the following equation by, so

						(3)
based on equation 3 produce equation y1 < y2. After data analysis has been obtained and clearly proven, then a comparison will be made of whether an elevation angle of 45° will produce the farthest maximum distance or not by using a function graph.

3. Results and Discussion
[bookmark: _Daftar_Pustaka][bookmark: _References][bookmark: pustaka]The results data analysis were obtained from the use of the PhET Virtual Lab which was then processed into mature data. A summary of the data from the results of the research analysis is presented in the following table

[bookmark: _Ref177851465]Table 2. The Results of Analysis of Elevation Angle Against x - t (h = 0 m)
	Elevation Angle (θ)
	Height (m)
	Initial Speed ​​(m/s)
	Gravity (g)
	Maximum Distance (x)
	Travel Time (t)

	48o
	0
	10
	9.8
	10.14
	1.52

	45o
	
	
	
	10.19
	1.44

	42o
	
	
	
	10.14
	1.36



In Table 2, it can be seen that there is a different comparison between angles 48o and 42o with 45o in terms of time, and at 42o it has a relatively faster time. But at an angle of 48o and 42o have the same distance. To facilitate understanding in Table 2, the following is a graphic presentation shows that at an angle of 45o the curve is the highest, which means that at a height of 0 m the angle of 45o will produce the farthest distance, but at angles of 48o and 42o it will produce the same distance at 10.14 m.

	[image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref177852659]Figure 3. (a) Effect of angle on distance at a height of 0 m, (b) Effect of angle on time at a height of 0 m

The graph Figure 3 shows that at an angle of 42o gets the lowest result, which means that at an angle of 42o has the fastest travel time compared to the other angles even though at the distance traveled, the angle of 42o has the fastest relative time compared to the angle of 48o which has the same distance at the distance.
 
[bookmark: _Ref177853563]Table 3. Results of Analysis of Elevation Angle Against, x - t (h = 1 m)
	Elevation Angle (θ)
	Height (m)
	Initial Speed ​​(m/s)
	Gravity (g)
	Maximum Distance (m)
	Travel Time(s)

	48o
	1
	10
	9.8
	10.97
	1.64

	45o
	
	
	
	11.11
	1.57

	42o
	
	
	
	11.15
	1.50



Table 3, it can be seen that there is a different comparison between angles 48o and 42o with 45o in terms of travel distance, and has a relatively faster time at 42o. Figure 4 presents a representation of the graph of the relationship between distance to time and distance to angle of inclination at height (h = 1 meter).

	[image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref177854374]Figure 4. (a). Effect of Angle on Distance (h = 1 m), (b). Effect of Angle on Time (h = 1 m)
Figure 4 shows that at an angle of 42o the highest value is obtained, which means that at an altitude of 1 m the angle of 42o will produce the farthest distance, but at an angle of 48o the distance traveled is no longer the same as 42o, the angle of 48o gets smaller results compared to other angles. This is also inversely proportional to graph 1, where the 45o angle no longer gets the farthest distance. The graph (a) shows that angle 42o still gets the smallest value, this is still the same as graph (b). Then angle 42o still has the fastest travel time compared to other angles, and angle 48o still has a relatively longer travel time.  
[bookmark: _GoBack]Table 4 shows a different comparison between angles 48o and 42o with 45o, and the same comparison as in table 3 in terms of travel distance, angle 42o has the same farthest distance as in table 3, and has a relatively long time return faster at 42o, this shows the same comparison as in Table 3. presents a representation of the graph of the relationship between distance to time and distance to angle of inclination at height (h = 2 meter).
[bookmark: _Ref177855368]






[bookmark: _Ref177855680]Table 4. Results of Analysis of Elevation Angle Against, x - t (h = 2 m)
	Elevation Angle (θ)
	Height (m)
	Initial Speed ​​(m/s)
	Gravity (g)
	Maximum Distance (m)
	Travel Time (s)

	48o
	2
	10
	9.8
	11.70
	1.75

	45o
	
	
	
	11.91
	1.68

	42o
	
	
	
	12.01
	1.62



From Table 4 can shows Figure 5, that the graph shows that angle 42o gets the highest return, this proves that at a height of 2 m, angle 42o gets the farthest distance, and angle 48o gets the shortest distance again compared to angles 45o and 42o. It also shows that Figure 5 is inversely proportional to Figure 4, and is directly proportional to Figure 3.

	[image: ]
(a)
	[image: ]
(b)


[bookmark: _Ref177855840]Figure 5. (a). Effect of Angle on Distance (h = 2 m), (b). Effect of Angle on Time (h = 2 m)

The graph shows that at an angle of 42o it still gets the smallest value, which means it shows at an angle of 42o it has a relatively fast travel time and also shows that on graphs 2, 4, 6, it has the same time difference, 42o the fastest travel time, and 48o the travel time the longest. Then after comparing each variable and also graphing the relationship, the three angles will produce their respective distances. By using the equation


, then the function graph can be displayed which will be presented by Figure 6.

[image: ]
[bookmark: _Ref178253660]Figure 6. Graph of The Function x Angles 48o, 45o, and 42o
Figure 6 as the graph the red line represents the function value from an angle of 48o, the blue line represents 45o, and the green line represents 42o, it is also present the boundary between the ground and the roof is also given to show the difference in ball throws based on the x function.

[image: ]
[bookmark: _Ref178284783]Figure 7. Graph of Function x Angles 48o, 45o, and 42o (Ground, Roof)

In the graph of this function (Figure 7), it can be seen that at point 0 the cartesian coordinate, it will get to the point of intersection between the three angles. On the Ground section, the 42o angle relatively gets the throw with the farthest starting position compared to the 45o angle which relatively gets the throw with the closest starting position compared to other angles. But on the roof, starting from the point (0,0) all corners start from the same starting position.

[image: ]
[bookmark: _Ref178285185]Figure 8. Graph of Function x Angles 48o, 45o, and 42o (Roof)
In the function graph (Figure 8) it can be seen that on the roof, the 48o angle will get the highest value compared to the other angles, and also the 42o angle will get the lowest height compared to the other angles. Meanwhile, on the roof, it can be seen that the resulting distance is the farthest 45o angle, this is because the x function is larger than the x function at other angles, but at angles of 48o and 42o, and will get the same result, and get point of intersection to go to ground. Which means at an angle of 45o, will get a superior starting value compared to other angles, angles 48o and 42o will get the same starting point.

[image: ]
Figure 9. Graph of Function x Angles 48o, 45o, and 42o (Roof, Ground)
The farthest distance value compared to the other two angles. However, at an angle of 48o you get the shortest distance compared to the other two angles, at an angle of 45o you only get a small difference in value compared to 42o, this value can be seen in the table presented above. Objects coming from an angle of 45o on the roof show that objects with an angle of 45o have the farthest value in 1 condition, namely when the object starts from point (0,0). However, this is very difficult to find in real life, because Galileo himself stated that the projectile motion of his design only applies when in a vacuum and does not consider the initial altitude of the thrower.

4. Conclusion
In the experiment, proving the 45o angle to be the angle that produces the farthest distance is a misconception that has been circulating in Indonesian education circles. The 45o angle being the angle that produces the farthest distance only applies to 1 condition, namely the vacuum state which ignores the initial position of the thrower. This is impossible to find in real life, in which incidentally the throwers have a certain height, even mortar has an initial height that can be above the surface or below the surface. In this study, it was found that the angle of 42o has the farthest distance traveled in non-vacuum conditions, and also does not have to be in position (0,0). In addition, the 42o angle has a relatively faster travel time than the 45o angle. And also under certain conditions, a 42o angle and a 48o angle can get the same distance depending on the height. In this study, it is also hoped that readers will be able to reexamine the angle of producing the farthest distance. The data we get is also single data, due to the use of Virtual Lab which will produce the same data. Human error could have occurred in this study even with the use of the Virtual Lab.
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